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ABSTRACT OF DISSERTATION
The Association of Fluid Intake With
Total Natural-Cause Mortality,
Coronary Heart Disease and Fatal Stroke
by

Jacqueline Chung Lun Chan
Doctor of Public Health in Preventive Care
Loma Linda University, Loma Linda, California, 1999
Glen G. Blix, Chairman
Hypohydration may be more widespread than realized since it does not always
arouse a sense of thirst. When thirst is felt, it is often ignored, or satisfied before
euhydration is achieved. There is growing evidence indicating that hypohydration
contributes to acute and chronic illnesses, and to rheological factors associated with
coronary heart disease (CHD) and stroke. Therefore the relationship of fluid intake with
risk of total natural-cause mortality, CHD and stroke death was examined using data on
34,192 white, non-Hispanic participants in the Adventist Health Study.
Among the 27,342 reporting no CHD, stroke or diabetes at baseline, during six
years of follow-up and adjusting for traditional risk factors for CHD, RR for fatal CHD in
males drinking five or more, compared to two or less, glasses of water a day, was 0.40
(95% Cl 0.24-0.67) and in females, 0.60 (95% Cl 0.34-1.07). The RR for non-fatal CHD
in males consuming one or more, compared to less than one, daily glasses of water, was
0.37 (95% Cl 0.14-0.94).
m

The RR of fatal CHD in females consuming five or more versus two or less, daily
servings of fluids other than water was 2.99 (95% Cl 1.10-8.11). No associations were
found for males.
During 12 years of follow-up, those who reported stroke (n=246) or CHD (n=726)
at baseline and drank more than five, compared to two or less, glasses of water per day,
had a RR of stroke death of 0.42 (95% Cl 0.21-0.85) and 0.43 (95% Cl 0.22-0.84)
respectively, after adjusting for age, sex, high blood pressure, smoking, education and
BMI. No associations with stroke death could be found among those who reported no
prevalent disease at baseline or with fluids other than water or total fluid intake.
Total natural-cause mortality showed similar directions in associations with water
and fluids other than water, in the age- and sex- adjusted model in males without disease,
and males and females with disease.
This study suggests that increasing water intake and decreasing intake of fluids
other than water, is associated with decreased risk of CHD, fatal stroke and possibly total
natural-cause mortality.
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CHAPTER 1
INTRODUCTION
Statement of the Problem
One can live for more than 40 days when deprived of food, but death follows in
just a few days when one is deprived of water (Robinson, Lawler, Chenoweth and
Garwick, 1990). Since the total absence of water has such a great impact in such a short
period, mild chronic water insufficiency, or hypohydration, may contribute to preventable
morbidity and mortality to an unsuspected degree. While adverse physiological responses
occur at water deficits of 1-2% body weight, the body appears to tolerate deficits of
3-6% body weight. That is, it is possible to be chronically hypohydrated without sensing
it by feeling thirsty. In addition, when thirst is sensed and responded to, it is often
quenched before water deficits are fully made up. While the median intake for the healthy
U.S. male population meets the minimum Recommended Dietary Allowance of 1 ml/kcal
for adults 20+ years old (Ershow and Cantor, 1989, pp. 34, 62), this means 50% of male
adults do not. In addition, there is the possibility that the minimum recommendation is
inadequate because it has been based on the needs for parenteral therapy in patients and
not on the average individual who is active and consumes a diet which creates high
amounts of solutes for urinary excretion. The prevalence of hypohydration with its
possible detrimental effects, may therefore be greater than realized.
There is a growing body of evidence implicating hypohydration as a contributing
factor to several acute and chronic illnesses. To what degree it contributes to premature
deaths is unknown. At minimum, hypohydration, through these illnesses, contributes to
1

reduced quality of life. Risk factors for diseases which are known to result in premature
death, such as coronary heart disease (CHD) and stroke, have been associated with
hypohydration.
To determine if there is widespread hypohydration of a degree that contributes
significantly to preventable clinical outcomes, this study investigated the association
between total fluid intake and the risk of total natural-cause mortality, CHD and fatal
stroke in both those who reported having, and those reporting that they did not have,
CHD, stroke and/or diabetes at baseline.
There is also evidence that the type of fluid may affect water balance. While some
fluids may adversely affect water balance either chronically and/or acutely because they
are diuretic or are highly osmolar, causing a net secretion of water from the vascular
system, water and hypo osmolar fluids result in net absorption of water. Therefore we
also investigated the association of water intake and fluids other than water with risk of
total mortality, CHD and stroke.

2

Purpose of the Study
The purpose of the study is:
1.

2.

To determine if there is an association between frequency of total fluid intake and
a.

natural-cause mortality

b.

fatal and non-fatal CHD

c.

stroke death

To determine if the association between fluid intake and health outcome is
modified when the independent variable is changed to plain water.

3.

To determine if the association between fluid intake and health outcome is
modified when the independent variable is changed to fluids other than water.

3

Definitions
Unless otherwise noted, the source for these definitions is Greenleaf and Sargent,
1965.
Hydration: level of water in the body, typically measured by acute changes in body
weight. Armstrong et al. (1994) believe urinary indices are more accurate
measures of hydration than body weight and have proposed a table utilizing
urinary osmolality and color.
Euhydration: optimal body water content. Condition in which further water intake no
longer causes an acute increase in weight (Greenleaf and Sargent II, 1965).
Hypohydration: state of body water deficit.
Dehydration: the process of water loss. In the literature, dehydration and hypohydration
are often used interchangeably, although doing so is technically incorrect since
one represents a process while the other represents a condition.
Involuntary dehydration: a state that occurs when a water debt remains even though the
subject has drunk to satiety. The individual has access to water, but neglects to
ingest adequate fluids to maintain euhydration. (Greenleaf, 1992; Szlyk, Sils,
Francesconi, and Hubbard, 1990). This condition which can occur in any age
group (Greenleaf, 1992), was first described by Hunt in 1912 (Greenleaf, 1992).
Around the mid 1980s the use of this term replaced the term “Voluntary
Dehydration” (Adolph, pp. 163,170,1947; Bar-Or, Dotan, Inbar, Rothshtein, and
Zonder, 1980; Greenleaf and Sargent II, 1965; Rothstein, Adolph, and Wills,
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1947; Spioch and Nowara, 1980; Szlyk, Hubbard, Matthew, Armstrong, and
Kerstein, 1987).
“Involuntary dehydration” has also been used by a minority of writers to describe a state
that occurs when sufficient replacement fluid is not available, and drinking is
severely restricted. This definition is not used in this document.

5

CHAPTER 2
REVIEW OF THE LITERATURE
The hypothesis of this dissertation is that disease or malfunction occurs at low
levels of water deficit, but there are no biological mechanisms by which we are made
conscious of these points. As a result, many are suffering from morbidity and mortality
that might be prevented were we to determine how to prevent this deficit. There is a
growing body of literature reporting that hypohydration contributes to a reduced state of
well-being, and to non-fatal and fatal diseases. Investigations show that many of these
conditions might be prevented and/or treated by increasing water/fluid intake. Only fifty
percent of the U. S. population consumes 1.1 ml/kcal, just 0.1 ml.kcal over the minimum
Recommended Daily Allowance (Ershow and Cantor, 1989 p. 62, 34). Hypohydration,
as measured by urine osmolality, has been found to be common in moderate climates as
well as hot, and in a broad spectrum of the population. It appears to be related to a
combination of a desensitized thirst mechanism and the low priority humans give to
satisfying thirst even when it is felt.
Sources and Causes of Water Loss
Hypohydration does not cause water to be drawn equally from tissues and fluid
compartments (Adolph, 1947, p. 33; Costill, Cote, and Fink, 1976; Nose, Moriomoto,
and Ogura, 1983; van Beaumont, Young, and Greenleaf, 1974). After reviewing the
literature on this matter, Sawka (1992) observed some general principles governing the
sources and the proportions of losses. One was that at low volumes of body water loss,
the water deficit comes primarily from the extra-cellular compartment. As the body
6

water loss increases, a proportionately greater percentage of the water deficit comes from
the intracellular compartment, the tissues most affected being muscle and skin. Neither
the brain nor liver lose significant water content.
Another principle observed was that the proportions drawn from the various
compartments also vary depending on the manner in which water deficit was reached
(Sawka, 1992). Many studies have examined hemoconcentration brought about by
hypohydration from thermal stress, exercise and diuresis. Harrison (1985) reasoned that
the lack of agreement between them is an “inevitable consequence” of the widely
differing experimental protocols and procedures that were adopted.
He concluded that thermal- and exercise- induced plasma volume loss resulting in
hemoconcentration is indeed fact, but only under the following circumstances:
In resting subjects, reduction in blood volume is associated only with high
environmental temperatures. If heat exposure is preceded by a control period in a
cool environment, transient hemodilution is generally observed,
hemoconcentration occurring as skin temperature rises, cutaneous blood flow
increases, and sweating begins.
Under exercise conditions, hemoconcentration occurs only if the exercise is
performed in a supine or seated, not in an upright (standing), position. Hence
cycling is almost always associated with a reduction in plasma volume, as is arm
exercise and swimming. On the other hand, bench stepping, walking and running
are associated with an extremely variable intravascular volume response.

7

Additional confounders could be variation in physical fitness and heatacclimation levels of the subjects in the different experiments.
Water loss from heat-stress has been observed to come from extracellular water
because of sweating, but the proportion of plasma loss to body water loss is not as great
as with diuresis (Sawka, 1988). When hypohydration is a result of prolonged exercise,
water loss includes water released with the breakdown of muscle (since 3-4 g of water
have been estimated to be associated with each gram of glycogen: Olsson, and Saltin,
1970). However, environmental temperature, posture and degree of loss alter the
proportions lost from each compartment. Diuresis increases the rate of urine formation
and generally results in the loss of solutes causing iso-osmotic hypovolemia (Weiner and
Mudge, 1985). This results in much greater ratio of plasma loss to body water loss than
either heat stress or prolonged exercise of high intensity (Hubbard and Armstrong ,1988
as cited in Sawka, 1992) because there is no solute excess in the plasma to exert an
osmotic pressure for the redistribution of body water.
Studies could not be found which reported the degree to which fluids with
osmolalities common to highly sugared fruit “drinks”, sodas, or even juices, effect plasma
volume, either acutely or chronically. However, gut perfusion models in rats and humans
indicate that hypertonic solutions stimulate net water secretion (Fordtran, Levitan,
Bikerman, and Burrows, 1961; Hunt et al., 1992 ). Shi et al. (1995) reported that
perfusion of the duodenum in human subjects with an 8% glucose solution (359
mOsm/kg) caused a significant decrease in plasma volume. [The osmolality of plasma is
280 mOsm/kg. The osmolality in mOsm/kg, of selected beverages are: coffee, no milk or
8

sugar - 83, coffee with 1 teaspoon of sugar - 128, milk - 277, tea - 8, diet cola - 43,
regular cola - 714, low-sodium, low-fat chicken broth - 452, tomato juice - 619, apple
juice- 705 (Bell, 1987).]
With respect to differences due to gender, investigators have observed that
females appear to have less reduction in plasma volume in dehydration than men. (Byrd,
Stewart, Torranin, and Berringer, 1977; Rocker, Kirsch, Stoboy, Schmidt, and Wicke,
1977; van Beaumont et al., 1974).
Health Problems Caused by Hypohydration
Sense of Well-Being and Hypohydration
Some of the earliest studies which examined the effects of hypohydration were
done by Adolph and associates in 1947. At that time there was a need to determine the
minimum size of rations required for soldiers on maneuvers in the deserts of southern
California. From these studies, Adolph and associates (1947) recorded signs and
symptoms observed in men who suffered to exhaustion and beyond from heat- and
walking-induced dehydration proceeding to exhaustion (Adolph, p.240, 1947). They are
listed in approximate order of first appearance in Table 1.1. The effects of even small to
moderate water deficit (1-4% body weight) which may not trigger the sense of thirst, are
compatible with a diagnosis of reduced sense of well-being (Adolph, 1947 p. 240,
Newburgh and Johnson, 1934).
It was observed that water deficits of 7% body weight can lead to collapse while
deficits of 15% body weight at air temperatures above 85°F could be fatal. In cooler
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temperatures, the body can withstand water deficits as high as 25% body weight (Sawka,
1992).

Table 1.1
Signs and Symptoms of 1 to 20% Body Water Loss in Man
At deficits of body water loss of
1 to 5% of body wt.

6 to 10% of body wt.

11 to 20% of body wt.

Thirst

Dizziness

Delirium

Vague discomfort

Headache

Spasticity

Economy of movement

Dyspnea

Swollen tongue

Anorexia

Tingling in limbs

Inability to swallow

Flushed skin

Decreased blood volume

Deafness

Impatience

Increased blood concentration

Dim vision

Sleepiness

Absence of salivation

Shriveled skin

Increased pulse rate

Cyanosis

Painful micturition

Increased rectal temperature

Indistinct speech

Numb skin

Nausea

Inability to walk

Anuria

Note: Items are arranged in approximate order of first appearance as dehydration in the
heat progresses to exhaustion and beyond. From “Signs and Symptoms of Desert
Dehydration,” by E. F. Adolph, 1947, Physiology of man in the desert, p. 240.
Copyright 1947 by Interscience Publishers, Inc., New York. Reprinted by permission of
John Wiley & Sons, Inc.
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Performance and Hypohydration
From a review of the literature, Sawka (1992) concluded that mild
hypohydration does indeed induce lethargy, lower the ability to perform work and
reduce maximal aerobic power. These reaction occur to a greater degree in hot versus
mild climates. The fact that various studies used different methods to reach the
hypohydrated states probably accounts for much of the quantitative variation in their
results.
The overall picture presented is that in neutral climates marginal water deficits
(1-2% body weight) reduce the physical work capacity for progressive intensity aerobic
exercise by 6 to 7% (Armstrong, Costill, and Fink, 1985; Caldwell, Ahonen, and
Nousianen,1984). In hot climates, the reduction in physical capacity is about the same
as in temperate climates for marginal water deficits in one study (Pichan, 1988) , but is
reduced by as much as 22% at water deficit of 2% body weight in another (Craig and
Cummings, 1966).
In temperate climates, maximal aerobic power is not decreased until water
deficits reach 3% body weight (Armstrong, Costill, and Fink, 1985; Caldwell, Ahonen,
and Nousianen,1984) but in hot environments, small water deficits (2% body weight) are
sufficient to reduce it by 10%, with further decreases in maximal power increasing
disproportionately as water deficits increase (Craig and Cummings, 1966).
Reports of effects of hypohydration on anaerobic performance vary greatly.
Jacobs (1980) observed that at water deficits of up to 5 % loss in body weight, there is
no effect on anaerobic exercise performance (Wingate test- 30 secs all out max exercise
11

using arm crank or leg-cycle ergometer). On the other hand, Hoffman and colleagues
(1995) observed that water deficits as low as 1.9% body weight result in a significant
reduction of 19% in anaerobic power using jump tests.
It appears that prolonged aerobic exercise tasks are more likely to be adversely
influenced by hypohydration than short-term anaerobic exercise tasks (Sawka and
Pandolf, 1990).
A possible mechanism for reduced physical capacity when hypohydrated is
reduced blood flow to the extremities because of reduced blood volume.

Reduced

blood flow would be an important factor in the disturbed thermoregulatory capacity as
well as reducing oxygen and energy supply to, and slower removal of waste from, target
tissues.
Cognition and Hypohydration
Cognitive function has been reported to be adversely affected by marginal body
water deficits of 2% body weight (Gopinathan, Pichan, and Sharma, 1988; Sharma,
Sridharan, Pichan, and Panwar, 1986). The combined effects of hypohydration on work
capacity and cognitive performance may lead to an increase of self-inflicted accidents.
Sawka (1992) believes for many complex athletic and industrial tasks, both mental
decision making and physiological function are closely related. Thus hypohydration may
have profound effects on real-life tasks and not simply on physiological performance
measures.
In a prospective study examining the role of dehydration in acute confusional
states and dementia in the elderly, Seymour, Henschke, Cape, and Campbell (1980)
12

found that there is a definite association between high degrees of dehydration and poor
mental function or acute confusional states.
Urinary Calculi and Kidney Disease and Hypohydration
Urolithiasis is the formation of urinary calculi (stones) anywhere in the urinary
tract. Modifiable dietary factors, including increasing fluid intake, appear to play an
important role in preventing the formation of calcium oxalate stones, the type of stone
formed in the vast majority of cases (Curhan and Curhan, 1994).
In hot climates, there is a high incidence of renal stones (Berlyne, Yagil,
Goodwin, and Morag, 1976; De Vries, Frank, Sperling, Lieberman, and Atsmon, 1967;
Kristal-Boneh, Glusman, Chemovits and Cassuto, 1988; Rapoport, 1993). Berlyne, et al.
believe this high incidence is caused by highly concentrated urine resulting from
inadequate water intake due to a failure of the thirst mechanism which they believe is
part of the acclimatization process to high environmental temperatures. In hot climates,
urine osmolality remains close to maximum, even though people have free access to
water and feel no thirst. De Vries et al. (1967) reported finding that the incidence of
kidney stones increases the further south of Jerusalem one goes, that is, as the climate
gets progressively hotter. Teaching people to increase fluid intake decreases the
incidence of kidney stones in the educated population. In Tennessee, where the
age-adjusted prevalence of stones in white males is 18.5% compared to 7.7% in the
national average (NHANES, 1981) the biochemical factors affecting lithogenesis
included low urine volume. Low urine volume (implying low fluid intake) contributed
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34.1% of the variance predicting lifetime probability of stones in this group (Thun and
Schober, 1991).
Borghi et al. (1993) found a high incidence (38.8%) of uric acid stones in those
whose occupations require exposure to heat stress. Their uric acid concentration is
almost double compared to the uric acid concentration of a group of workers who are not
so exposed. Pin, Ling, and Siang (1992) reported that the prevalence of urinary stone
disease in outdoor workers is five times higher than those who work indoors.
Investigators of both studies concluded that chronic dehydration represents a real, and
probably the most important, lithogenic factor, mainly for uric acid stones. Both
recommend adequate fluid intake to prevent this problem.
Hypohydration causes kidney stones in others besides those exposed to hot
climates or high occupation temperatures; in the mild environment experienced in
England, Embon, Rose, and Rosenbaum (1990) found that chronic hypohydration was
also the most common cause of urolithiasis in patients attending a metabolic stone
clinic. Satisfactory treatment was achieved by increased water intake plus, in certain
cases, dietary advice. Association between endemic lithiasis areas and low fluid intake
has also been found in other European countries (Klohn et al.,1986). This would
indicate that even in mild climatic environments, certain sectors of the population are
hypohydrated without necessarily being aware of it.
Other studies on the treatment and prevention of urolithiasis, have not reported
whether or not the patients with kidney stones were dehydrated, but successful treatment
and prevention consistently include increasing water intake with or without other
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therapy (Abdulhadi, Hall, and Streem,1993; Aroldi et al., 1985; Curhan and Curhan,
1994; Embon et al., 1990; Evans, 1985; Evrad and Boccon-Gibod, 1985; Iguchi et al.,
1990; Jaeger, Portmann, Jacquet, and Burckhard, 1984; Klohn et al., 1986; Pahira, 1984;
and Rapoport, 1993). Curhan and Curhan (1994) recommend that the level of fluid
intake to adequately prevent kidney stones should result in at least 2 liters (8.3 8-ounce
cups) of urine per day.
Type of fluid and nephrolithiasis.
Based on the negative association between mineral content of water and lithiasis
found in Greenland, some have argued that the mineral content of some water might
actually be a causative agent of nephrolithiasis if consumed in the quantities that have
been recommended to prevent the disease. In Greenland where the drinking water is
extremely soft, and the diet very low in calcium, incidence of kidney and urinary tract
stones is also low, but Greenlanders suffer from other health problems such as prolonged
bleeding time, atrioventricular block and osteoporosis (Jeppesen, 1987).
On the other hand, when Jaeger et al. (1984) requested calcium hyperabsorbers
to increase their water intake from ad lib to 2 liters/day, calcium and oxalate products in
their urine were much lower in spite of the water being high in calcium. Jaeger et al.
concluded that for the prevention of the recurrence of nephrolithiasis, it is more relevant
to advise ‘high fluid intake’ than ‘select a water with a particularly low calcium content’.
While mineral content has been shown to have some effect, the essential element is still
an increase in the volume of water ingested.
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In a prospective study on types of beverage and risk of kidney stones, Curhan,
Willet, Rimm, Spiegelman, and Stampfer (1996) analyzed the effect of 21 different
beverages on the risk of symptomatic kidney stones in a cohort of 45,289 men, 40 to 75
years of age, who had no history of kidney stones at baseline after a six year follow-up.
The risk of stone formation was found to be decreased by the following amounts for
each 240 ml (8oz) serving consumed daily:- caffeinated or decaffeinated coffee, 10%;
tea, 14%; beer, 21%; wine, 39% (fluids which increase the rate of urinary excretion).
Stone formation was increased by 35% for apple juice and 37% for grapefruit juice
which are both highly hyper osmolar. These investigators concluded that beverage type
may effect stone formation so that a recommendation to increase fluid intake in general
may not be appropriate. They did not indicate the basis on which to designate the type,
but it may have to do with both its diuretic property and its osmolality. Results from a
prospective study on 27 male patients with idiopathic calcium renal stones by Iguchi et
al. (1993) suggest that over-consumption of refined carbohydrates such as sugarsweetened soft drinks, soda and cakes may be a risk factor for stone formation,
especially in patients with non-dietary hypercalciuria.
Urinary Tract Infection and Hypohydration
According to Hooton (1995), costs for treating and preventing uncomplicated
urinary tract infections could be reduced by attending to predisposing behaviors which
include inadequate fluid intake. Reducing urinary tract infections may be one of the
mechanisms by which increased fluid intake reduces nephrolithiasis since Hirano et al.
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(1985) found that bacteria and organic matters in the urine of stone formers participate
actively in stone genesis and growth as an adhesive agent.
Constipation and Hypohydration
According to Sonnenberg and Koch (1989 a. and b.) constipation is one of the
most frequent and chronic digestive disorders in the United States with about 2% of the
population, or 4.53 million Americans, estimated to be sufferers. About 900 people die
annually from diseases associated with or related to constipation. This rate increases as
environmental conditions become more stressful and age increases. There is a three-fold
increase in incidence in those older than 65 compared those 60-64 years of age, and in
women compared to men. More than $200 million are spent for over-the-counter
laxatives and untold millions are spent on medical services to manage the disorder
(Donatelle, 1990).
The two most common reasons for constipation appear to be inadequate
ingestion of dietary fluids and fiber (Donatelle, 1990). Distraction, stress, and lack of
accessibility to water appears to increase the problem. Fully one-third of servicemen in
the field are constipated, compared to 7.2% of those at home. (Sweeney, Krafte-Jacobs,
Britton and Hanson, 1993). With respect to fluid intake, Donatelle recommends that
patients should be encouraged to drink 8 cups (1900 ml) of fluid (though not necessarily
all water) daily. Saez (1991) recommends more than 1500 ml (6 cups) of water a day.
A study in healthy male volunteers found that if their beverage intake was reduced from
2500 (10 cups) to 500 ml (2 cups)/day, their stools became harder and bowel movements
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were less frequent (Klauser, Beck, Schindlbeck, and Miiller-Lissner, 1990) indicating
that low fluid intake may be a cause of constipation.
Besides the discomfort, it has been suggested that constipation contributes to
hemorrhoids which could cause hemorrhaging which could lead to iron-deficiency
anemia, painful “strangulated” hemorrhoids from rectal prolapse and thrombosis of
external hemorrhoids (Rubin and Farber, 1994), although this causality has been
questioned (Johanson and Sonnenberg, 1990).
One of the reasons physical exercise is postulated to reduce colon cancer risk is
by stimulating movement through the bowel, reducing the length of time that the bowel
lining is exposed to mutagens (American Cancer Society 1996 Advisory Committee on
Diet, Nutrition, and Cancer Prevention, 1996). Based on the same hypothesis,
increasing water intake may also reduce the risk of colon cancer because it increases the
frequency of bowel movement reducing the length of time the bowel lining is exposed
to mutagens. Sonnenberg and Muller (1993) found a small but significant risk for
colorectal cancer associated with constipation.
Appendicitis Risk and Hypohydration
According to Rubin and Farber (1994) acute appendicitis is the most frequent
cause of an abdominal emergency and in up to half the patients with acute appendicitis.
the factor that precipitates the disease is unknown. In a case-control study among
children, the age group in which incidence of appendicitis is highest, Nelson, Morris,
Barker and Simmonds (1986) identified low water intake as a risk factor independent of
other factors with a relative risk of 3 for the lowest tertile compared to the highest.
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Wound Healing and Hypohydration
Preoperative and postoperative dehydration have been found to have a
deleterious effect on subcutaneous and, to a lesser extent, on anastomotic healing in
Wister rats (Harmann, Johnsson, and Zederfelat, 1992) due to accumulation of less
collagen in the wounds. This raises the question as to whether hypohydration might
have a similar deleterious effects on wound healing and development of collagenous
tissues in humans.
Obesity and Hypohydration
Replacing high caloric drinks with water may help reduce total calories
consumed and thus be another weapon in the arsenal of those fighting obesity.
Ingestion of noncaloric beverages, diet sodas and coffee or tea have not been found to
influence the amount eaten over the course of the day or in individual meals, but their
consumption does reduce the total number of calories consumed in a day, since they
contain virtually no calories. On the other hand, caloric containing drinks add to the
total calories ingested in meals or over the day, without displacing calories ingested in
other forms (de Castro, 1993; Rolls, Kim, and Fedoroff, 1990). Since high caloric
drinks do not significantly reduce thirst, additional servings are consumed, adding
further to the caloric intake (Rodin, 1990).
Other studies have associated hydration levels and water intake with hunger
sensations. Engell et al. (1987) found a significant (p<0.05) inverse quadratic association
between hypohydration status and the sensation of hunger. Thus people may eat, adding
unneeded calories, when really they need to drink (Engell et al., 1987). Lappalainen,
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Mennen, van Weert, and Mykkanen (1993) found that drinking two glasses of water
affects subjective feelings of hunger and satiety during the meal, although this effect was
not maintained after the meal. If eating between meals could be avoided, drinking water
at meals might help to reduce caloric intake overall. However, this theory needs further
study, since these investigators believe that no conclusions regarding the possible
influence of drinking water on actual food intake during and after meals can be made
from their study.
Diabetic Ketoacidosis and Hypohydration
Diabetic ketoacidosis is the principal cause of hospital admissions for diabetic
patients under 20 years of age and accounts for more than 4000 deaths per year in the
United States. While the most common cause of diabetic ketoacidosis is stress hormone
excess with infection, dehydration is among the four precipitating causes of this
preventable condition (Schade and Eaton, 1983).
Vertebral Disc. Joint Degeneration and Hypohydration
Among the physical problems that could result from inadequate water intake is
that of vertebral disc degeneration. The mechanical response of vertebral joints is
deeply influenced by disc degeneration which in turn is affected by the compressibility
characteristics. Problems occur when there is tissue dehydration as well as prolapse
(Natali and Meroi, 1993).
Aging and Hypohydration
It has even been suggested that because it leads to the drying out of tissues and
organs, including muscles and joints, hypohydration may lead to premature aging
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(Massler, 1979). The partial mechanism might be via reduced collagen formation which
has been found to occur with hypohydration (Wheater, Burkitt, and Daniels, 1987).
Immunity and Hypohydration
There are at least two mechanisms by which inadequate water intake might
compromise immunity. Healthy mucus membranes are the first in the line of defense
against invading organisms. Since inadequate water intake severely reduces all body
secretions (Massler, 1979), and both effective beating of cilia and proper amounts of
mucus with appropriate physical properties are needed for normal mucociliary transport
(Cherniak, Altose, and Kelsen, 1988), hypohydration may compromise this first step in
protection against foreign organisms.
Secondly, proper hydration raises CD4+/CD8+ T-lymphocyte ratio. The normal
range for the CD4+/CD8+ T-lymphocyte ratio has not yet been firmly established,
Golub (1991) setting the range at 1.8-2.2 while Tizard (1992) suggests 1.2 to 1.5.
Whichever ratio is used, it is reduced significantly in immunosupression. Total body
hypohydration imposes a generalized stress on the body that has been reported to
depress immune function (Degiorgi and Altomare, 1992). In a study to find ways to
reduce post-flight suppression in the immune systems experienced by astronauts,
Greenleaf, Jackson, and Lawless (1995) dehydrated four subjects by allowing them to
eat only dry food and restricting their fluid intake for 24 hours before testing. All four
subjects suffered from CD4+/CD8+ T-lymphocyte ratios below 1.2, the lower limit of
the normal population range a value considered to be within pathological range.
Rehydration resulted in their ratios moving into or beyond the normal range.
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The degree to which hypohydration contributes to mortality by this means can be
seen in a study of institutionalized elderly. In this group, hypohydration was associated
with mortality, the greatest contributor of which was respiratory ailments, followed by
vascular diseases (O’Neill et ah, 1990).
Ventilatory Capacity and Hvnohvdration
Govindaraj (1972) found that in normal subjects, mild dehydration of 0.5 to
2.5% loss in body weight by 16-hour fluid deprivation, produces small but significant
increases in airway obstruction as measured by forced expiratory volume in one second
(FEV,) while rehydration alleviated it. Vital capacity (VC) was changed little.
Govindaraj conjectured that while the degree of decrease of FEV, was not enough to
give rise to any clinical effects, and even at the reduced level, the FEV/VC values were
hardly outside normal limits in normal people, this increase in airway obstruction caused
by dehydration in a patient could be critical and cause clinical effects. Adequate
hydration could thus be of clinical importance to those suffering from asthma. Also, it is
known that pre-existing airway obstruction contributes to post-operative respiratory
complications, particularly after thoracic surgery (Mittman, 1961).
Mortality from Morbidity Factors Affected by Hydration
At this time, the degree to which the morbidities just reviewed contribute to total
mortality is unknown. Certainly, hypohydration, through these conditions, would affect
quality of life and prevent experiencing “optimal” health. While individually, the
problems may not be a significant cause for mortality, it is possible that their
accumulation may cause a trend for increased mortality which could only be noticed in a
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population study. Nephrolithiasis is an important cause of chronic and end stage renal
disease (Rapoport, 1993) which can shorten life, and urinary stones are found in 1% of
autopsies (Berkow and Fletcher, p. 1741). Reduction in cognitive performance might
lead to increased risk of life-threatening accidents, such as work-related or automobile
accidents. Sonnenberg and Muller (1993) found a small but significant risk for
colorectal cancer associated with constipation. Dehydration is a common cause of
hyperosmolality in the elderly. Hyperosmolality has been found to be related to
increased mortality, mainly from respiratory infections (O’Neill et al., 1990).
Effects of Hypohydration on Mortality
Hypohydration has also been implicated as a contributing factor to conditions
related to life-threatening diseases, especially vascular diseases. To what degree is not
known.
According to Dormandy (1970) hydration is inversely related to blood viscosity
which is related to peripheral vascular disease, which, he suggested may pre-dispose to
cardiovascular and renal disease. It has now been well established that chronic
hypohydration results in chronic elevation of hematocrit and plasma viscosity (Costill
and Sparks,1973; Dintenffas, 1987; Kristal-Boneh et al., 1988; Myhre and Robinson,
1977; Van Beaumont et al., 1974) while the process of dehydration can cause acute
changes in these rheological factors (Crammer, 1991; Pearson, 1991; Rolls et al., 1980;
Vandewalle, Lacombe, Lelievre, and Poirot, 1988) and accelerate thrombus formation
(Yasaka et al., 1990, and 1993).
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Risk of Heart Disease and Rheological Factors
Accumulating evidence suggests that increased hematocrit in the normal range
(Campbell, Elwood, Mackean, and Waters, 1985; Dormandy, 1970; Lowe et ah, 1980;
Nicolaides, Bowers, Horboume, Kidner, and Besterman, 1977; Yasaka et ah, 1990) and
increased blood and plasma viscosity are independent (Becker, 1991 and 1993;
Ernst,1995; Kannel and Cupples, 1988; Erikssen, Thalow, Sandvik, Stormorken, and
Erikssen, 1993; Sorlie, Garcia-Palmieri, Costas Jr., and Havlik, 1981; Lowe, Lee,
Rumley, Price, and Fowkes, 1997) and major (de Simone et ah, 1990, Lowe, et ah,
1997; Yamell et ah, 1991) risk factors for atherosclerotic heart disease and its
complications. The normal range for hematocrits for males is .47 ± .05, and for females
is .42 ± .05 (Wintrobe, et ah, 1981). The need for prompt clinical intervention is advised
at hematocrit levels of greater than .55 (Kost, 1990).
Hematocrit
Hematocrit, the principal determinant of whole blood viscosity (Caro, Pedley,
Schotre, and Seed, 1978; de Simone et ah, 1990; Dormandy, 1970; Grotta, Ackerman,
Correia, Fallick, and Chang, 1982; Kurabayashi, Kubota, Tamura, and Shirakura, 1991;
Rosenson, McCormick, and Uretz,1996 ; Thomas, et ah, 1977; Wood, 1987; Yasaka et
ah,1990), accounts for 67-84% of its variability (de Simone et ah, 1990).
Prospective studies which have reported an association between hematocrit and
risk of ischemic heart disease include:
i)

The Puerto Rico Health Program which reported the incidence of myocardial

infarction (MI), coronary insufficiency or fatal coronary heart disease (CHD) was double
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in those males with high hematocrit (>.49) compared to those with low hematocrit (.42)
in multivariate analysis (Sorlie et al., 1981).
2)

The Honolulu Heart Study on males of Japanese descent, which reported that

hematocrit level was an independent risk factor for major ischemic heart disease events
and sudden cardiac death (Yano, Reed, and McGee, 1984). Postmortem examination of
participants in the Honolulu Heart Study had revealed a higher incidence of infarcts in
those who had high compared to low normal hematocrit levels (Rhoads, Blackwelder,
Stemmermann, Hayashi, and Kagan, 1978).
3)

The Framingham Heart Study on males and female patients compared to

age-matched controls (Church, de Pasquale, 1991; Gagnon, Zhang, Brand, and Kannel,
1994; Kannel, 1987,1988; Schatzkin, Cupples, Heeren, Morelock, and Kannell, 1984).
4)

The Oslo Ischaemia Study of apparently healthy men (Erikssen, Thaulow,

Sandvik, Stormorken, and Erikssen, 1993).
5)

The British Regional Heart Study of males with and without pre-existing

evidence of IHD, which found that a hematocrit level of .46 was associated with
increased risk for heart disease (Wannamethee, Shaper, and Whincup 1994;
Wannamethee, Shaper, Macfarlane, and Walker, 1995).
6)

A study on nonmenstruating females in South Wales which reported that a

hematocrit greater than .45 was a significant risk factor for ischemic heart disease
mortality (Campbell et al., 1985).
7)

A case-control study of males from Netherlands (Knottnerus, Swaen, Slangen,

Volovics, and Durinck, 1988).
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Pathological conditions associated with heart disease have also been associated
with increased hematocrit and viscosity and include :
i)

Myocardial thrombosis which is reported to occur more often at high compared

to low normal hematocrit levels (Rhoads, Blackwelder, Stemmermann, Hayashi, and
Kagan, 1978).
2)

Infarct size which has been found to be proportional to hematocrit level

(Harrison, Pollock, Kendall, and Marshall, 1981).
3)

Angina pectoris, which is more highly associated with patients who have

significant small increases in hematocrit (6%), plasma viscosity (9%) and whole blood
viscosity (14-16%) compared to normal controls (Rainer et al., 1987). Severe unstable
angina has been associated with increases in plasma viscosity (Fuchs et al., 1984).
4)

Vascular occlusion (Pearson, 1991);

5)

Intima-media thickness which, according to the Edinburgh Artery Study reports,

is linearly related to hematocrit, blood viscosity, fibrinogen and plasma viscosity in
males but not females (Lee et al., 1998);
6)

Tachycardia which has been found to be significantly associated with high

hematocrit in the Tecumseh Study (Julius, Palatini, and Nesbitt, 1998).
Prognosis in heart disease patients has also been associated with hematocrit
levels. Fuchs et al. (1987) found the hematocrit in 44 patients suffering acute MI, to be
highest on first day of acute myocardial infarction (MI) (.433) declining progressively
to .388 by the 10th day. Of the 44 patients, the 17 who suffered reinfarction or died had
a hematocrit of .479 whereas it remained normal for the rest of the patients.
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It is also of interest to note that after menopause, blood viscosity due to
increased hematocrit in women increases as does their risk for coronary heart disease
(Lowe, 1988).
Plasma viscosity.
Several large prospective studies have reported that plasma viscosity is another
independent risk factor for heart disease (Fuchs et al.,1984; Lowe et al., 1980).
Fibrinogen is the major factor contributing to plasma viscosity (Resch, Ernst, Matria,
and Paulsen, 1992). The studies include:
i)

The Caerphilly and Speedwell Collaboration Heart Disease Studies (Yamell et

al., 1991).
2)

The MONICA-Project, Augsburg (Koenig et al, 1992) in which the age-adjusted

relative odds was 4 for major incidence of heart disease in the highest quintile compared
to the lowest quintile of Plasma Viscosity and
3)

the Speedwell Study (Baker et al., 1982).

Size of Change Needed for Deleterious Effects
It might be argued that because changes in hydration levels under ordinary living
conditions bring about only slight changes in the rheological properties of blood their
effect on heart disease would not be significant. However, it only takes slight increases
in blood viscosity to be deleterious (Cohen and Muller, 1992; Chien and Dormandy,
1975; Dormandy, 1970; Erikssen et al. 1993; Lowe et al. 1997; Pearson, 1991; Rainer et
al. 1987; Thomas, 1985; Wood and Kee, 1985). Increases in hematocrit even to those
still considered to be within the normal range, have been found to be independent risk
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factors for atherosclerotic heart disease and its complications (Campbell et ah, 1985;
Dormandy, 1970; Lowe et ah, 1980; Nicolaides et ah, 1977; Yasaka et ah, 1990). In the
Edinburgh Artery Study (Lowe et ah 1997), blood viscosity (3.7 vs. 3.55 mPas),
hematocrit (.462 vs. .457), hematocrit corrected blood viscosity (3.57 vs. 3.48 mPas),
plasma viscosity (1.35 vs. 1.33 mPas) and fibrinogen (2.88 v 2.67g/L) were found to be
significantly higher in subjects who experienced cardiac events than in those who did
not. The strength of relationship between these factors and risk of events was at least as
strong as the conventional risk factors of smoking, diastolic blood pressure and low
density cholesterol levels (Manson et ah, 1992). All factors were noted to increase
years before manifestation of acute ischemic events (Coull et ah, 1991; Lowe et ah,
1997).
Nonfatal CHD (Muller et ah, 1985) and sudden cardiac death (Muller et ah,
1987) are more likely to occur between 6 a.m. and noon than during other times of the
day. A fivefold increase in onset of initial acute MI has been observed to occur in the
first hour after awakening (Wood, 1987). During this same period, Tofler et ah, (1987)
observed that there was an increased aggregability of platelets, and hypothesized that it
occurred in response to some component or components of the process of awakening,
assuming an upright posture, and beginning the day’s activity, activities accompanied by
activation of the sympathetic nervous system. It is of interest to note that at this same
time, diurnal blood viscosity and hematocrit are at their highest (Kubota, Sakurai,
Tamura, and Shirakura, 1987; Seaman, Engel, Swank, and Hissen, 1965; Wood, 1987)
due to loss of plasma volume from renal glomerular filtration that continues during sleep
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in the absence of fluid intake (Wood, 1987). In addition, pooled results from three
studies showed the act of arising creates an increase in hematocrit from .425 ± .005
before the subjects arose, to .438 ± .005 afterward (p <0.01) (Toiler et al. 1987).
Risk of Stroke and Rheological Factors
Rheological factors affected by hypohydration, that is hematocrit, plasma
viscosity and whole blood viscosity, are also associated with risk of stroke and the
aftermath of non-fatal incidents. Elevated hematocrit is an accepted risk factor for
stroke (American Heart Association, 1999). Even a high “normal” hematocrit proves to
be a weak risk factor for stroke (Harrison, 1989). As mentioned in the discussion of
heart disease, hematocrit level is directly related to, and is the major component of
blood viscosity. Patients with a history of stroke show the highest levels of hematocrit
and plasma viscosity. This high level is present during quiescent phase of disease and is
not necessarily the result of acute attacks (Coccheri et al., 1985; Di Perri et al., 1985).
Prospective studies from several countries have found elevated hematocrit and/or
blood viscosity to be a predictor or to be independently associated with both primary and
(Ernst, Resch, Matria, and Paulsen, 1991; Kiyohara et al., 1986; Lowe, Lee, Rumley,
Price, and Fowkes, 1997; Wannamethee, Perry, and Shaper, 1994) secondary (Ernst et
al., 1991) stroke events.
Coull et al. (1991) observed that the viscosity of whole blood at low rates of
shear and plasma viscosity were significantly elevated by between 2 and 20% in patients
with acute stroke and acute transient ischemic attacks of the brain, and in subjects with
recognized risk factors for stroke, compared with the healthy controls. The severity of
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hyperviscosity was found to increase consecutively from “healthy controls” to “at-risk
group” to “transient ischemic attack group” to “stroke group”. These results indicate
that blood hyperviscosity is present not only in subjects with acute brain infarction, but
also in those with risk factors for stroke, and that these abnormalities are, to a
considerable degree, chronic. The size of difference varied between 2 and 20% increase
compared to normal controls. In this study, the increase in viscosity was related to
increase in plasma proteins rather than hematocrit.
Investigations have determined specific mechanisms by which these rheological
factors contribute to increased risk of stroke. One is by reducing cerebral blood flow
(Burge, Johnson, and Prankard, 1975; Grotta, Ackerman, Correia, Fallick, and Chang,
1982; Harrison, 1989; Hudak, Koehler, Rosenberg, Traytsman, and Douglas Jones,
1986; Hudak, Koehler, Rosenberg, Traytsman, Douglas Jones, 1986; Humphrey, et al.
1979; Fuji! et al, 1990; Thomas et al., 1977) which predisposes to cerebral thrombosis
(Pearson, 1991). Postmortem studies seem to confirm this relationship in that they find
that persons with high compared to low normal hematocrit levels had a higher incidence
of cerebral thrombosis. The incidence of cerebral infarction in 432 consecutive
autopsied patients was 6.6%, 18.3%, 43.6%, 63.6% respectively, in patients with
hematocrit values less than .30, .36-.40, .46-.50, >.51. Cerebral infarction occurred in
18.8% of 69 patients with hematocrit values of .41-.45 and in 50.5% of 34 patients with
hematocrit values of more than .46, the difference being significant (p<0.0005) (Tohgi,
Yamanouchi, Murakami, and Kameyame, 1978). They also had six times greater
mortality from vascular occlusion than expected for sex- and age-matched population
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(Burge, Johnson, and Prankard, 1975). Cerebral infarction occurred in 18.8% It has also
been claimed that in patients with acute stroke, even if their hematocrits were in the
accepted “normal range” they would benefit from further reduction as it results in
improved cerebral blood flow (Wood and Kee, 1985; Thomas et ah, 1977) and
improvement in EEG (Wood et ah, 1984).
Cardiogenic cerebral embolism causes 15% of ischemic cerebral infarcts
(Cerebral Embolism Task Force, 1986). Prognosis for those patients with embolic
cerebral infarction, is poorer than those with atherothrombotic cerebral infarction
(Yamaguchi, Minematsu, Choki, and Ikeda, 1984) partly because of recurrence of
embolization (Yamaguchi et ah, 1984; Darling et ah, 1967; Carter, 1965). Yasaka et ah,
(1993) found that hematocrits at the time of appearance or enlargement of thrombi, in a
group of patients in whom newly formed or enlarged intracardiac thrombi were detected
after admission to hospital, was significantly increased compared to hematocrits
obtained shortly before detection, from .413 ± .043 to .448 ± .046 (p<0.01). They
hypothesized that hypohydration may play an important role in the formation of
intracardiac thrombi since this change was observed mainly in patients with negative
water balance, particularly in those taking diuretics.
Elevated hematocrit has also been found to be correlated to blood pressure, a
well accepted risk factor for stroke. In a population based cohort study, the
Cardiovascular Health Study, hematocrit was found to be one of the independent
predictors of diastolic blood pressure (Tell et ah, 1994).
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Neurologic deficits secondary to cerebral ischemia and focally reduced cerebral
blood flow were found to be related to increased blood viscosity in controlled clinical
studies ( Sakuta, 1981; Grotta et al., 1982 ; Thomas et ah, 1977) and size of cerebral
infarction in patients with occlusive cerebrovascular disease has been directly related to
hematocrit levels (Harrison et ah, 1981).
In the 1980s, one of the treatments for acute stroke was hemodilution therapy
using dextran infusions, 5% serum albumin solutions, with venesection in order to
lower hematocrit (Wood and Kee, 1985). Attempts to manipulate rheologic factors
other than hematocrit have thus far been limited in number, and include infusions of
hydroxyethyl starch, a synthetic plasma volume expander, pentoxifylline, an inhibitor of
fibrinogen synthesis (Wood and Kee, 1985). Findings regarding effectiveness of direct
hemodilution for acute stroke have been mixed.
As with ischemic heart disease, risk of stroke is greatest in the morning hours
when hydration is at its lowest, and hematocrit at its highest, for the day (Kelly-Hayes,
Wolf et al., 1995). Kurabayashi, Kubota, Tamura, and Shirakura, (1991) found that by
giving patients with a history of cerebral infarction at least 3 months prior, a cup of
water at midnight, their hematocrit and blood viscosity were decreased or mitigated of
its rise from midnight to 8 a.m..
Prognosis of patients with arteriosclerotic diseases is also determined by blood
viscosity, serum viscosity and fibrinogen (the major contributor to plasma viscosity)
(Resch et al., 1991). Clinical regression of stroke and clinical neurological
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improvement is associated with progressive reduction of rheological abnormalities ( Di
Perri et ah, 1985).
Involuntary Hypohydration
When a healthy person drinks only enough to satisfy thirst, he often remains in
water debt, a condition named “voluntary dehydration” in early investigations (Bar-Or,
Dotan, Inbar, Rothshtein, and Zonder, 1980; Greenleaf and Sargent II, 1965; Rothstein,
Adolph, and Wills, 1947; Spioch and Nowara, 1980; Szlyk, Hubbard, Matthew,
Armstrong, and Kerstein, 1987) then “involuntary dehydration” in more recent studies
(Greenleaf, 1992; Mack et ah, 1994; Mitchell, Gandjean, Pizze, Starling, and Holtz,
1994; Montain and Coyle, 1993; and Sawka, 1992).
While involuntary dehydration is even more likely to occur following
physiological stress such as exercising in, or even just exposure to, excessive heat which
creates high sweating rates (Adolph , 1947, p.33; Berlyne et al., 1976; Leithead and
Pallister, 1960), working in the cold (Greenleaf, 1992; Tappan, Jacey, Heyder and Gray,
1984), high altitudes or in a dry environment (Gamble, 1947; Greenleaf, 1992;
Newburgh and Johnston, 1942; National Research Council, 1980) and after prolonged
hyperventilation as in asthma (Potter, Klein, Weinberg, 1991), studies show that
involuntary dehydration occurs also in moderate climates under normal living
conditions. Thus thirst does not appear to be a dependable stimulus for maintaining
adequate hydration levels.
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Inadequate Thirst Mechanism
Not only does thirst not stimulate drinking until body water deficits of 3-6%
body weight are reached (Bar-Or et al, 1980; Greenleaf and Sargent II, 1965; Spioch
and Nowara, 1980), even though adverse physiologic responses occur at deficits of 1-2%
(Greenleaf, 1992), it is quenched before the body is adequately hydrated (Adolph and
Wills, 1947; Rothstein, Adolph, and Wills, 1947; Bar-Or et ah, 1980; Gore, Bourdon,
Woolford, and Pederson, 1993; Greenleaf, 1992; Greenleaf and Sargent II, 1965; Mack
et ah, 1994; Montain and Coyle, 1993; Spioch and Nowara, 1980; Szlyk, Sils,
Francesconi, and Hubbard, 1990).
Thirst and Hypohydration in Hot Climates
It has long been known that in hot climates, in spite of drinking water ad lib in
response to thirst, people are constantly hypohydrated (Adolph and Wills, 1947;
Rothstein, Adolph, and Wills, 1947; Berlyne et ah, 1976; Leithead and Pallister, 1960),
and suffer the physiological consequences of higher incidences of kidney diseases, low,
concentrated urine outputs and high hematocrit ratios (Kristal-Boneh et ah, 1988).
Berlyne et al.(1976) concluded from their findings of high urine osmolalities in spot
tests of people living in Israel, that in hot climates, there is a failure of the thirst
mechanism and it is part of the acclimatization process. This acclimatization process was
observed in a physiologist visiting Israel from America. He had thought he had drunk
adequately during his 6 weeks in Israel, not noticing any change in his thirst. However,
a spot test revealed his urine to have an osmolality of 1120 mosm/kg which is
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comparable to the value one would find in a person living in England after 24-hour
water deprivation (Berlyne et ah, 1976).
Thirst and Hypohydration in Mild Climates
Hypohydration also occurs in mild climates. Gross and Shiffer (1988) found in
their studies on 18- and 19-year old Navy Recruits training in San Diego in temperatures
of 64°F and drinking water ad lib, that neither thirst nor custom were sufficient to keep
most of them properly hydrated. At baseline, on awaking in the morning, 75.6% of
them were hypohydrated while eighty-three per cent were hypohydrated by the end of
the day. During the experiment, of the group who were given canteens of water and
instructed to drink 16 ounces in the morning and another 16 ounces in the afternoon,
fewer were hypohydrated both in the mornings and evenings compared to baseline
values. Also, fewer were hypohydrated compared to the group who had been told to
drink just as they felt their need, and were not given canteens of water to have with
them.
The results of Greenleaf and Sargent II’s (1965) study on involuntary
dehydration showed that when the four subjects presented themselves on the mornings
of their experiments after spending four days prior to each test drinking ad lib and on a
standard diet, their hydration levels were always lower than the baseline level considered
to be proper hydration level, by 0.6 to 1.3% body weight. And in winter in Israel, when
the temperature falls from the highs of 34° to 60° C (in the sun) of the summer to 10° to
23 °C, Berlyne et al. (1976) found that the urine osmolalities of subjects on ad lib fluid
intake was still around 930 mOsmol/kg indicating hypohydration.
35

Adaptation of the Thirst Mechanism
When deprived of water for a time, a person begins to desire less water. It
appears that the homeostatic level is modified in the hypohydrated state (Greenleaf and
Sargent II, 1965), adapting to chronic water depletion (Rothstein, Adolph, and Wills,
1947). When deprived of water, men replace less of the water that they have lost after
the second period of dehydration than after the first (Greenleaf and Sargent II, 1965).
Conversely, Regnier (1916) and Kunstmann (1933) (as cited in Adolph and
Wills, 1947, p. 245) reported that there can also be an adaptation in thirst response in
those who force themselves to ingest large quantities of water day after day. In one case,
the subject drank six to seven liters daily for 11 days and in the other 7-18 liters daily for
127 days. In both cases, the thirst sensation became very intense - so intense that it
forced them to get out of bed at night in order to drink. This intense thirst ended a few
days after forced drinking ceased. A healthy pair of kidneys working at full capacity can
excrete about 800 ml urine an hour, or 20 litres a day, and can retain virtually all sodium
in conditions of sodium deficiency. However, damaged and elderly kidneys cannot do
as well (Crammer, 1991).
Stimuli for Drinking
During the early 1900s, it was the common understanding that only in the very
severest disturbances of the body in disease is the balance between intake and output of
water altered, since life demands that water balance be maintained at all times. It was
believed that thirst was the only sign that more water was needed, and, since all amounts
in excess of needs are promptly excreted, it was unnecessary to health to take water
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unless thirst was present (Pollia, 1934). Analyses today indicate that only 15% of fluid
intake can be predicted by physiological or environmental reasons - thirst (Ershow and
Cantor, 1989 p.35) Apparently neither thirst nor weather are strong enough forces to
compel people to consume fluids. Custom, accessibility, convenience and palatability
appear to be stronger stimuli (de Castro, 1988; Gross and Schiffer, 1988; Rolls, Wood,
and Stevens, 1978; Rothstein, Adolph, and Wills, 1947).
An exacerbation of the problem of maintaining optimal hydration occurs because
even when felt, thirst is often ignored, put aside and given lower priority than other
activities. Rothstein, Adolph and Wills (1947, p. 260) found that, even in the desert
heat, if the men were preoccupied, or the water was not conveniently at hand, they
would put off drinking. A good example of these effects can be seen in the study
showing that fully one-third of servicemen in the field are constipated, compared to
7.2% of those at home (Sweeney, Krafte-Jacobs, Britton, and Hanson, 1993). Another is
Gross and Schiffer’s (1988) study which found that when troops in a mild environment
had their water with them in canteens and thus readily accessible, they drank much
more than when they had to go “fetch” the water. In this manner they were able to
maintain better, though still not adequate, hydration. Subjects also drank less if the fluid
was unpalatable either in flavor and/or temperature (Rothstein, Adolph, and Wills,
1947, p. 254; Szlyk, Sils, Francesconi, Hubbard, and Armstrong, 1989; Szlyk, Sils,
Francesconi, and Hubbard, 1990).
The time at which most fluid ingestion occurs, whether the subject is a soldier in
the desert, or living a civilian life in urban America, is at meals (Berlyne, Yagil,
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Goodwin, and Morag, 1986; de Castro, 1988; Rothstein, Adolph, and Wills, 1947. pp.
241-253; Szlyk, Sils, Francesconi, Hubbard, and Armstrong, 1989) and in periods of
relaxation (Rothstein, Adolph, and Wills, 1947 p 241-253; Hubbard et ah, 1984). Since
acceptably palatable fluids are most accessible and conveniently at hand at mealtimes
which also happens to be a time of relaxation, it can be readily understood why most
fluids are consumed then. The drinking that occurs at this time, is not due to
physiologic need, but other factors. Therefore, fluid intake does not appear to be
always stimulated by the need for homeostasis as it can and does frequently occur at
times when there is no deficit in plasma osmolality or blood volume (Kraly, 1984;
Phillips, Rolls, Ledingham, and Morton, 1984), and in fact, is sometimes consumed in
anticipation of future deficits (Fitzsimons and Le Magnen, 1969).
Osmolality of Fluid Consumed and Rehydration
Gut perfusion models in rats and humans indicate that fluids of various
osmolalities result in different effects on net water gain or loss to the body (Shi et ah,
1995). While the determination of the exact composition that promotes the highest
absorption of water is ongoing, experiments using only one transportable substrate show
that hypotonic carbohydrate or electrolyte solutions promote more water absorption
than isotonic solutions, while hypertonic solutions stimulate net water secretion
(Fordtran, Levitan, Bikerman, and Burrows, 1961; Hunt et al., 1992). In general, Shi et
al., 1995 observed that hypotonic solutions tend to produce more water absorption in the
proximal duodenum, than do hypertonic solutions even though they also observed that
the presence of both sodium ions and glucose in solutions together tended to enhance
38

water absorption. Hypotonic and hypertonic solutions were observed to be quickly
brought to isotonicity in the proximal duodenum
Using the human whole gut perfusion model to test various oral rehydration
solutions containing glucose and sodium and potassium ions which have been devised to
treat acute diarrhoea, at least three studies (Hunt, Elliott, and Farthing, 1989; Hunt et
ah, 1992; Rolston, Raghupathy, and Cutting, 1993) observed that the most hypotonic
oral rehydration solution with osmolality of 177 mOsm/kg provided significantly greater
water absorption than the other oral rehydration solutions with osmolarities from 219 to
335 mOsm/kg, containing the same solutes.
Conversely, when Costill and Sparks (1973) tested the rate and degree of
rehydration in men who had been dehydrated to a level of 4% body weight loss by heat
stress, they found that consuming a fluid of 444 mOsm/kg (hyperosmolar) resulted in
faster rehydration as measured by plasma volume changes, than demineralized water.
Interestingly, body weight changes were the same for both types of fluids, but mean rate
and volume of urine production was increased when water was consumed versus the
other fluid.
Average Water Intake in the U. S.
Ershow and Cantor (1989, p. 62) reported that the median daily total water
intake of the adult U.S. population was 1.1 ml/kcal, with the adults 20-64 years of age
consuming 1.2 ml/kcal. This is just over the minimum amount of 1 ml/kcal as expressed
in the Recommended Daily Allowance, which is based on the needs of parenteral fluid
therapy patients (Holliday and Segar, 1956) whose water needs may not be as great as
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free-living people. Unlike parenteral fluid therapy patients whose solute loads are
strictly monitored and whose environment is maintained at a comfortably moderate
temperature, free-living humans live in environments and pursue activities that increase
water loss to the body through sweat. They also consume foods and beverages which
produce a greater urinary solute load than do parenteral fluids. In 1977-78, the mean
intake of water and fluids other than water was slightly greater in males and females
aged 20-64 years. In adults 20-64 years of age the mean intake of plain water consumed
was 2.8-8 ounce glasses/day, and of fluids other than water, 3.9 cups. Coffee and tea,
which are diuretic (U.S. Pharmacopeial Convention, 1998), contributed 83% of fluids
other than water, and highly hyperosmolar sugared drinks and juice the remainder. This
combination of factors could mean that the need for water intake for free-living humans
to maintain favorable water balance may actually be greater than the minimum
recommended.
Age and Hypohydration
The likelihood of hypohydration also appears to increase with age, since thirst
sensation appears to decline in the elderly compared to the young (Mack et ah, 1994). In
the elderly, dehydration often reaches a clinical level resulting in the hospitalization of
236.2/10,000 elderly Medicare beneficiaries annually. This creates serious and costly
medical problems. In 1991, Medicare reimbursed over $446 million for hospitalizations
with dehydration as the principal diagnosis, with acute infections such as pneumonia and
urinary tract infections as frequent concomitant diagnoses (Warren et ah, 1994). If mild
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hypohydration is found to affect heart disease and stroke risks, then this estimated cost
to care for issues from hypohydration is greatly underestimated.
Activity Level and Hypohydration
While it is more obvious when people are exposed to stresses such as heat and
excessive activity, hypohydration has been found in the sedentary as well as active,
indoor workers, as well as outdoor workers, people of all age groups and in the
physically fit as well as not so fit (Bar-Or, Dotan, Inbar, Rothshtein, and Zonder, 1980;
Berlyne et ah, 1976; Greenleaf and Sargent II, 1964; Gross and Shiffer, 1988; Phillips et
ah, 1984).
Conclusion
The literature has identified a growing list of health problems associated with
hypohyhydration. Some, like heart disease and stroke, are known to contribute to
increased mortality. The literature is also clear that thirst, the body’s signal to consume
more water, cannot be depended on to stimulate fluid intake sufficient to maintain
euhydration. In fact, the thirst mechanism actually acclimatizes itself, so that under
conditions where there is free access to fluids, it becomes less effective as one becomes
hypohydrated and more sensitive on euhydration.
The literature is not clear as to just how much fluid is needed to maintain
euhydration. There is some indication that not all fluids contribute in the same way to
the maintenance of body water. Analysis of total water intake in the U.S. population
indicates that the median intake for men 26 to 64 years of age barely reaches the
minimum Recommended Daily Allowance, while the lifestyle of free-living humans
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suggests that their requirements might actually be greater. If this were so, examining the
intake of various types of fluid to determine if they contribute in any significant way to
health outcomes could be of great benefit to many.
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CHAPTER 3
METHODS
Most of the details for the methods section of this dissertation are covered in the
two papers submitted in Chapter 4. In addition to a brief outline of their content, this
chapter will provide material covering aspects not included in the papers.
Methods Applicable to Both Publishable Papers and Additional Investigations
Ethics
This study was done on data that had already been collected in a study approved
by the Loma Linda University Human Subjects Committee. Procedures followed were
in accordance with the committee and the 1983 Revision of the Helsinki Declaration of
1975. The investigator had no access to the identity of the subjects.
Subjects and Identification of Cases
For all analyses addressed in this dissertation, subjects were Adventist Health
Study (AHS) Participants. Methods for identifying cases of definite CHD and fatal
stroke are described in their respective papers. Briefly, they were determined from
annual questionnaires which were sent to all AHS participants, hospital records, autopsy,
computer-assisted linkage with California death certificate files, the National Death
Index, church records, and or relatives. Details for this can be found in the literature
(Beeson, 1989 a & b).
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Statistical Analysis
All analyses considered those who reported consuming a total fluid intake of less
than one serving per day and/or a milk frequency intake greater than seven per day as
outliers and excluded them. Subjects with missing values in any of the variables used
in a model were also excluded from analysis.

All analyses were done using the

Statistical Package for the Social Sciences (SPSS for WindowsiRelease 8.0, 1998).
Exposure Risk Factors
Exposure risk factors included baseline, self-reported glasses of water consumed
per day, and daily servings of fluids other than water and total fluid intake. A
description of the fluids other than water has been included in the papers for publication.
Methods Specific to Paper A:
The Association of Fluid Intake with Coronary Heart Disease
Exposure Risk Factors
Examination of the association between fluid intake and CHD was restricted to
self-reported glasses of water consumed per day, and daily servings of fluids other than
water.
Statistical Analysis
In examining the association between fluid intake and Coronary Heart Disease,
additional exclusions were made of those who reported prevalent coronary heart disease,
stroke or diabetes at baseline. That is, examination of association of fluid intake and
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heart disease was done only in a subgroup of the AHS population that was labeled
“healthy” at baseline. Associations between water and fluids other than water with both
definite fatal and non-fatal CHD were explored in men and women separately using Cox
proportional hazards model using three steps: 1) age-adjusted, 2) adjustment for
traditional CHD risk factors and 3) additional adjustment for dietary factors related to
CHD in the Adventist Health Study, exercise and covariables related to hydration. Three
exposure categories were used to allow for analysis of dose-response relationships.
Subjects with missing values in any of the variables used in a model were excluded from
analysis. Follow-up period was 6 years.
Methods Specific to Paper B:
Association of Fluid Intake with Stroke Death
Exposure Risk Factors
When analyzing associations between fluid intake and stroke death, total fluid
intake at baseline was examined, in addition to water and fluids other than water.
Statistical Analysis
Exclusions included those who reported no prevalent coronary heart disease,
stroke or diabetes at baseline. That is, examination of association of fluid intake and
fatal stroke was done only in the subgroup of the AHS population labeled as “unhealthy”
at baseline. Due to small numbers, associations between fluid intake and stroke death
were explored in men and women together using Cox proportional hazards model using
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three steps: 1) age-adjusted, 2) adjustment for traditional stroke risk factors and 3)
additional adjustment for exercise and covariables related to hydration. Follow-up
period was 12 years.
Methods for Additional Investigations
Total Natural Cause Mortality
Preliminary examination of total natural cause mortality was done on
men and women together without any exclusions except for fluid outliers as in all other
analyses, and analyzed for association of total fluid, water and fluids other than water
using three categories to allow for analysis of trend. The units of fluid exposures were
servings per day, and mls/kcal. Follow-up period was twelve years.
Fluid Intake and Coronary Heart Disease
The association of fatal and non-fatal CHD with total fluid intake in those
reporting no prevalent coronary heart disease, stroke or diabetes at baseline and with all
fluid exposures in those reporting prevalent coronary heart disease, stroke or diabetes at
baseline were examined. In addition to number of servings per day, fluid exposures as
mls/kcal were also examined.
Fluid Intake and Stroke Death
Additional relationships examined with regard to fatal stroke included the
association of stroke death with all fluid exposures in those not reporting prevalent
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coronary heart disease, stroke or diabetes at baseline, as well as examining all fluid
exposures in mls/kcal.
Assumptions
The following assumptions were made:
1.

The behaviors entered in the questionnaire were continued throughout the
follow-up time for each subject. Evidence is that this is a valid assumption, since
previous studies have indicated that the pattern of a person’s health practices
tends to persist over the years (Breslow and Emstrom, 1980). On the other hand,
the Adventist population may be different in that respect, since their church
encourages its members to improve its lifestyle, a process that generally takes
many years. If this assumption was not valid, the bias would be toward the null.

2.

That climate of residence remained the same throughout the follow-up period of
the subject. Since environmental conditions are important factors determining
quantity of water loss, this may affect results if the subject moved to extremely
different climates from that in which they were residing at the time of survey.
However, this is an example of misclassification of exposure, and should only
pose a problem if no significant associations are found (Rothman, McCormick,
and Uretz, 1986). Failure to meet this assumption would also bias the results
toward the null, and our findings would be an underestimate of the true
relationship.
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Abstract
Background: Elevated hematocrit, plasma viscosity, and blood viscosity are associated
with coronary heart disease (CHD). Hypohydration can raise these factors. Therefore
we investigated the effect of fluid intake on the risk of CHD.
Methods: In 1976, 34,192 white, non-Hispanic Californians living in Seventh-day
Adventist households were enrolled in a prospective study. Lifestyle information
including diet and fluid intake was assessed at baseline. The risk of CHD among
27,342 men and women without prevalent CHD, stroke or diabetes at baseline was
analyzed according to self-reported frequency of intake of water, fluids other than water
and total fluids, using Cox Proportional Hazards Model.
Results: During the 6-year follow-up, fatal and non-fatal CHD was experienced by 233
males and 153 females. After adjusting for traditional risk factors, RR for fatal CHD in
males was 0.40 (95% Cl 0.24-0.67) in those who drank 5 or more glasses of water a day
compared to 2 or less, whereas females consuming 3 or more glasses of water a day
compared to 2 or less had a RR 0.56 (95% Cl 0.31-1.03). The RR for non-fatal CHD in
males consuming 1 or more glasses of water a day compared to less than 1 was 0.37
(95% Cl 0.14-0.94). The RR for fatal CHD for females consuming 5 or more servings
per day of fluids other than water compared to 2 or less was 2.99 (95% Cl 1.10-8.11)
Conclusion: Our data suggests that type and amount of fluid may both be important for
risk of CHD.
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THE ASSOCIATION OF FLUID INTAKE WITH CORONARY HEART DISEASE
Traditional risk factors predict only 30-50% of new cases of cardiovascular
disease (CVD).1,2 New risk factors are emerging, 1,3-14 among which are elevated whole
blood viscosity,15'24 hematocrit 19’21’25 46 and plasma viscosity.19’37,47'54 Myocardial
thrombosis2,50,55'58 and atherosclerotic coronary disease,2,20,51 two main contributors to
CVD, have been reported to be associated with high hematocrit values, and raised blood
and plasma viscosity, while reduced perfusion of heart tissue has been found with
increasing blood viscosity.15,50 Prospective epidemiological studies have found that
hematocrit levels and plasma viscosity are elevated years before manifestation of acute
ischemic events.2,20,59,60
One cause for chronic elevation of hematocrit and plasma and blood viscosity is
chronic hypohydration, 28,61-65 while the process of dehydration has been found to cause
acute changes in these rheological factors 66-69 and accelerate thrombus formation.57,58
Although the changes in rheological factors caused by differences in hydration level
may not always be large, even slight increases in blood viscosity can be
deleterious.20,37,45,67,70'73 Hematocrit at high “normal” range 23>28’51’57’74 and increased blood
and plasma viscosity have been found to be independent

18,20,34,40,48,72,75

and major20,24,27

risk factors for atherosclerotic heart disease (HD) and its complications. Dormandy
(1970)28 has reported that blood viscosity is inversely related to hydration, which, he
suggested, may pre-dispose to cardiovascular disease.
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Thus, several studies show an association between hydration and viscosity
factors and risk of coronary heart disease (CHD). However, few, if any, studies have
examined the relationship between fluid intake and risk of heart disease. This study
examined the association between frequency of fluid intake with definite fatal and
nonfatal coronary heart disease (CHD).
METHODS
Study Design and Population
Details of the Adventist Health Study (AHS) and its population have been
described elsewhere.76 This study was approved by the Loma Linda University
institutional review committee. The subjects gave informed consent, and the procedures
followed were in accordance with the committee and the 1983 revision of the Helsinki
Declaration of 1975. Briefly, in 1976, a detailed lifestyle questionnaire was sent to each
of 59,081 people from different ethnic backgrounds aged 25 years or older living in
Seventh-day Adventist households in California. This study is confined to data from the
27,342 white, non-Hispanics who reported having no physician-diagnosed heart disease,
stroke or diabetes at baseline. They were followed for six years with respect to nonfatal
myocardial infarction (MI) and definite fatal MI.
Identification of Cases
From 1977 through 1982 annual questionnaires were mailed to all participants as
a screening mechanism to identify new cases of CHD. The questionnaire requested
information on any hospitalization in the previous twelve-month period and permission
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was obtained to review any relevant medical records. Microfilming of pertinent portions
of hospital records by study field representatives allowed Adventist Health Study
physicians to confirm diagnoses. All electrocardiograms were microfilmed and cardiac
enzyme results abstracted to a special form. This type of follow-up was completed for
97% of participants. Electrocardiograms were Minnesota coded.77 To aid in quality
control, two batches of approximately 100 electrocardiograms each were sent to the
Minnesota Coding Laboratory at about one third and two thirds of the way through the
coding process.
Diagnoses of MI were confirmed if the international diagnostic criteria78 were
met. For nonfatal MI, these included a diagnostic series of electrocardiographic
changes, or elevation of cardiac enzyme levels plus either prolonged cardiac pain or
static electrocardiographic abnormalities. Diagnosis of definite fatal MI required death
within 28 days of a MI confirmed by hospital records, or fresh MI recorded at autopsy.
Deaths were determined by computer-assisted linkage with the California death
certificate files, the National Death Index, and use of church records.79,80 For any
possible case of fatal CHD, relatives were contacted to elicit information pertinent to the
circumstances of death. When available, autopsy reports were procured. For the few
subjects who had both a definite nonfatal MI and subsequently a definite fatal CHD
event, both events were counted as end points.
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Exposure Risk Factors
The lifestyle questionnaire contained information on traditional and dietary risk
factors for CHD. In addition, there were questions on intake of all kinds of drinks.
including water, juice, milk, soda, coffee, tea, herbal teas, hot chocolate, other hot
drinks, etc. Water intake was reported as number of glasses per day. Intake of fluids
other than water were reported as frequencies per month, week and/or day. Since only
16% of this population reported any consumption of beer, wine or hard liquor, and in
very low amounts, alcoholic beverages were not included in any of the exposure
variables. All fluid intakes were recoded to intakes per month. A detailed dietary
validity study among a randomly chosen subset of 147 participants of this population
has been described elsewhere81,82 and indicates that the serving size of fluids other than
water ranged from 0.94 to 1.28 8-ounce cups.
Statistical Analysis
The distribution of the fluid variables under study were examined before analysis
began to detect outliers and to create biologically meaningful categories of exposure.
Three exposure categories were used to allow for analysis of dose-response
relationships. Participants with a frequency of total fluid intake of less than one per day
(n=142) or with combined milk frequency intake greater than seven per day (n=373),
were discarded as having invalid data. Associations between intake of water and fluids
other than water with definite nonfatal and fatal MI were explored using Cox
proportional hazards model in three steps: 1) age-adjusted, 2) adjustment for traditional
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CHD risk factors (smoking, high blood pressure, education level, BMI, and for women,
estrogen replacement therapy) and 3) adjustment for: a) dietary factors found to be
related to CHD in the AHS (nuts, whole wheat bread, vegetarian status), 81,83,84
b) exercise, and c) covariables related to hydration (salt, caffeine and alcohol intake).
Each of these variables in set c) were added to model two, one at a time, to assess their
influence. Variables that changed the main effects estimate more than 10% were
retained in the model. Subjects with missing values (3.3 - 24.7%) in any of the variables
used in a model were excluded from the analysis. Males and females were analyzed
separately since their risk factors for CHD differ.
All analyses were done using the Statistical Package for the Social Sciences
(SPSS for Windows: Advanced Statistics Release 8.0, 1998).
RESULTS
Selected Base-Line Characteristics
Of the non-Hispanic white AHS participants, 11,257 men and 16,431 women
reported no CHD, stroke or diabetes at baseline. Characteristics of this “healthy” at
baseline study population are shown in Tables 4A.1 to 4A.4. The proportion of current
smokers was very small, while the number who reported being previous smokers was
modest. Eighty-four percent of the population were teetotalers and 36% drank no
caffeinated beverages (coffee, tea or colas). The mean daily servings of coffee was 0.9 ±
SEM .02 and 0.6 ± SEM .01 for men and women respectively. The daily mean intake of
water was greater than that of fluids other than water, 4.4 glasses a day and 3.7 servings,
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respectively. Milk was the major non-water fluid consumed with a mean daily intake of
1.7 servings. During follow-up, among this “healthy’’group, there were 105 non-fatal
and 128 fatal CHD events in the males, compared to 35 and 118, respectively, in
females.
No associations between either fatal or non-fatal CHD and total fluid intake were
found. However, associations were found between CHD and frequency of water intake
and fluids other than water.
Association of CHD with Water Intake
The association between water intake and the risk of CHD was a strong and
consistent finding in both males and females. In males, after adjusting for age,
smoking, blood pressure, education level and Body Mass Index (BMI) the RR for fatal
CHD was 0.40 (95% Cl 0.24-0.67), trend p = .0004 when comparing those who daily
drank 5 or more glasses of water per day to 2 or less. For definite non-fatal MI there
appeared to be a threshold effect such that males consuming Ito 4 glasses of water per
day or 5 or more glasses per day had the same benefit compared to those drinking less
than 1 per day (RRs 0.37 (95% Cl 0.14-0.94) and 0.31 (95% Cl 0.12 - 0.80)
respectively. (See Table 4A.5).
Similar multivariate analysis among females did not show as great a reduction in
risk as for men. There seemed to be a threshold effect, such that consuming 3to 4 or 5 or
more glasses of water a day compared to 2 or less resulted in RRs of 0.56 (95% Cl
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0.31-1.03) and 0.60 (95% Cl 0.34-1.07) respectively for fatal CHD, with too few events
for valid results for non-fatal CHD.(See Table 4A. 6).
In both males and females, risk estimates remained virtually unchanged when
further adjustments were done for dietary factors found to be related to heart disease in
this population, (consumption of meat, whole wheat bread, and nuts). Further
adjustments for exercise, fluids other than water, salt, alcoholic or caffeinated beverages
also resulted in virtually no change in magnitude of relative risks. (See Tables 4A.5 and
4A.6).
Further Testing for Possible Confounding
The consistency of the association between water intake and risk of fatal heart
disease was further explored within a number of subgroups of the “healthy” population
combining men and women, and adjusting for age and sex. A highly consistent
negative association between risk of fatal CHD and water intake was found, with a
majority of the associations retaining statistical significance. (See Table 4A.7).
Association of CHD with Fluids Other Than Water
In females only, there was a direct relationship between frequency of intake of
fluids other than water and fatal CHD. The RR for those consuming 5 or more servings
per day compared to 2 or less was 2.37 [(95% Cl 1.10-8.11) (Trend p = .03)] in the
model adjusting for traditional heart disease risk factors and hormone replacement
therapy. (See Table 4A.8). Again, there was virtually no change in magnitude of the
relative risk after adjusting for dietary and hydration factors.
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DISCUSSION
To our knowledge, this is the first epidemiological study examining the
association between intake of fluids and risk of CHD. Our findings indicate that water
intake is indeed associated with risk of CHD and of a magnitude comparable to
traditional CHD risk factors.85 Further, as a group, fluids other than water were found to
be not associated with risk of heart disease in males, but positively associated in
females. These results raise questions pertaining to our current understanding of not
differentiating between the different sources for water for hydration . Findings from
this study suggest that plain water may provide larger hydration benefits than other
fluids.
While it is known that grossly inadequate fluid intake increases blood viscosity
and hematocrit ratios 86 and that sub-optimal fluid intake has been shown to elevate
these parameters,36 our study suggests that hydration by water may have more beneficial
effects on hemorheologic factors than other fluids. The benefits may be due to a
combination of both chronic and acute effects because of water’s hypotonicity and
because water does not contain any substances that adversely affect hydration or
cardiovascular activity. Hypotonic solutions not only provide greater hydration benefits
than hyperosmolar fluids

87,88

affecting the chronic levels of hydration, they also produce

large water absorption rates in the duodenum

89-91

providing acute and prompt increases

in hydration. Fluids other than water contain a mixture of hypo osmolar fluids and
hyperosmolar fluids. Some of the hypo osmolar fluids, namely regular coffee and tea,
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like water, may also provide benefits of acute reductions in blood viscosity because they
are hypo osmolar, but because they contain caffeine, a mild diuretic,92 they may result in
chronic net water losses decreasing plasma volume. In addition, coffee may have
effects on the cardiovascular system 92 which may add to the hazardous effect on the
cardiovascular system that results from its diuretic effect.
Using human whole gut perfusion models to test various oral rehydration
solutions, Rolston, Zinzuvadia and Mathan (1994)87 and Hunt et al. (1992),88 observed
that hyperosmolar solutions of 219 to 335 mOsm/kg provided significantly less
absorption than hypo osmolar solutions of 177 mOsm/kg. In addition, hypertonic
solutions stimulate net water secretion in the duodenum 88,93-95 causing an acute increase
in blood viscosity. Shi et al. (1995)94 observed that perfusing the duodenum with a 430
mmol/1 glucose solution produced an immediate decrease in plasma volume. Thus, not
only the total volume of fluid intake, but the osmolality and diuretic effect of the fluids
may affect chronic hydration level. In turn, depending on the level of chronic hydration,
the effects of acute hydration change brought about by ingestion of water and
hyperosmolar fluids may increase the beneficial effects of water for both males and
females and the hazardous effects of fluids other than water in females with regard to
heart disease.
Further studies are needed to determine the differential effects of fluids other
than water, dividing them into hypo- and hyper- osmolar fluids.
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Difference Between Men And Women
The weaker association between water intake and risk of CHD in women may be
due in part to women having lower hematocrit levels, red blood cell aggregability at all
shear rates, and red blood cell rigidity.27 Women also have lower reduction in plasma
volume in dehydration,65,96,97 and less prominent circadian increases. Since women have
factors which contribute to lower blood viscosity in the first place, addition of water
might not reduce it to a point that can reduce risk of heart disease much further. Also,
women are smaller than men and would require smaller intake of water to maintain
favorable blood viscosity and hematocrit levels, and less hyperosmolar fluid to increase
its viscosity. Further analyses should be done to determine if the lower effect of water in
females might not be confounded by their increased risk from fluids other than water.
Strengths and Limitations of Study
Strengths of this study include its very large population of both men and women
with a broad age range and wide range of frequency of fluid intakes of various kinds.
We could not find any other study of comparable size which determined the fluid intake
of its subjects at baseline.
Potential limitations of our study design include the possibilities of confounding,
misclassification of exposure, selection bias, and missing information on sensitive items.
It is possible that persons drinking larger amounts of water are more health conscious in
general. Therefore could our results be due to confounding by other dietary or lifestyle
habits?

Fraser (1994)83 and Fraser, Sabate, Beeson and Strahan (1992)81 have
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identified strong dietary risk factors for CHD in this population. These include nuts and
white bread versus whole wheat/sprouted bread consumption, and non-vegetarian status.
When controlling for these in addition to the traditional risk factors, including HRT (in
women), and exercise, the water-CHD association remains virtually unchanged. Thus,
as far as we have been able to control for potential healthy lifestyle factors, they do not
seem to explain the observed association between water intake and risk of CHD. The
significant inverse dose-response relationship in men between fatal CHD and water
consumption further supports water intake as being a real and independent effect rather
than just a marker for some other factor, as does the fact that the protective effect also
remains when the relationship is tested in subgroups of this population.
It is, of course, possible that the observed relationship could be explained by an
hitherto unknown risk factor. If that was the case, it would have to be a very strong one.
However, we cannot rule out that there may be other factors not included in the models
which modify the observed relationship.
Could our results be due to misclassification of exposure? There is probably
some non-differential misclassification. This would bias our results towards the null.
Differential misclassification is unlikely since fluid intake was assessed years before
disease occurred.98.
Although sociocultural selective factors undoubtedly occurred since most of the
subjects of this study were Seventh-day Adventists who responded to a rather lengthy
questionnaire, these factors would not likely affect the physiologic response to the
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exposure variables. In fact, the effects of traditional CHD risk factors in this cohort, are
very similar to those found in other low-risk populations." Thus the findings in this
predominantly Adventist Californian population regarding the association between fluid
intake and CHD risk, will likely have application to other populations.
Because church recommendations proscribe the use of alcohol, coffee, cigarettes,
and unclean meats such as pork, seafoods without scales,100 missing information on these
sensitive items could have been a source of bias. However, bias probably did not occur
to a large extent, since non-response rates for questions directly associated with these
recommendations were similar to nonsensitive items, varying from 2% to 8%.76
The relatively simple ‘frequency-of-use’ used in this study to determine dietary
intake has been shown to have a moderate to high agreement for most food items
compared with dietary assessment methods that are more detailed and time consuming.
Self-reported information on baseline disease is fairly reliable since the AHS population
has both a great interest in their own health and is well-educated.101
Further analyses examining the association of fatal CHD with hypo- and
hyperosmolar fluids in women are needed to test the hypothesis that it is the effect of
the hyper-osmolar fluids which makes fluids other than water hazardous to females.
Also, studies with more accurate reports of fluid intake volumes are needed to further
examine these relationships.
In conclusion, an epidemiologic investigation of 11,257 men and 16,085
women without physician reported CHD, diabetes or stroke at baseline, suggests that
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water intake is negatively and independently associated with risk of CHD of a
magnitude comparable to traditional CHD risk factors in both men and women.
The amount of water needed to significantly reduce risk appears to be relatively
small and is dose-related. This protective effect of water is greater in males than
females. There seems to be no effect of total fluid intake in men or women nor fluids
other than water in males. However, fluids other than water appear to have a hazardous
effect in females.
These findings are novel in that no other studies have examined the direct
relationship of volume and type of fluid intake with risk of coronary heart disease.
Further studies in other populations are needed.
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Tables

Table 4A.1.
Selected Characteristics of the “Healthy”* Participants in the Adventist Health Studyt

SELECTED CHARACTERISTICS
Mean Age (years, ± SEM)

MEN
(n= 11,257)

WOMEN
(n =16,085 )

51.2 ± 0.15

52.8 ±0.13

Medical History
Hypertension (%)

15

20

Smoking History
Never Smoked (%)
Past Smoker (%)
Current Smoker (%)

63
31
6

85
13
2

Quetelet Index (tertiles) J
Lo (%)
Medium (%)
High (%)

33
36
31

34
35
31

Education Level
High school (%)
Some college (%)
College graduate (%)

28
32
40

34
44
22

Exercise
Lo/Moderate (%)
High (%)

54
45

63
36

Menopausal Females (%)
Current Estrogen Users among
menopausal females (%)

56
30

Outcomes: Number of:
Fatal Coronary Events
Non-Fatal Coronary Events

128
105

118
35

* Without history of coronary heart disease, stroke or diabetes at baseline
+ Omitting those with frequency of total fluid intake of <1 per day and total milk intake of
>7 x per day
t Males: Low <23.4; medium 23.4 to 25.9; high>25.9
Females: Low<21.8; medium21.8 to 25.2; high >25.2
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Table 4A.2.
Dietary Factors Associated with Risk of Coronary Heart Disease
in the “Healthy”* Participants in the Adventist Health Study t
DIETARY FACTOR

MEN
(n= 11257)

WOMEN
(n =16085 )

Vegetarian Status t
Vegetarian ( %)

48.2

54.8

Nut Consumption
2 or less x per month (%)
1+ x per week (%)

35.4
62.4

34.0

Whole Wheat Bread
Mostly whole wheat (%)
Other Bread (%)

75.0
25.0

75.9

60.2

24.1

*Without history of CHD, stroke or diabetes at baseline
tOmitting those with frequency of total fluid intake of <1 per day
and total milk intake of >7 x per day
t Vegetarian: Eats meat <1 x /week;
Non-vegetarian: Eats meat 1+x/week
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Table 4A.3.
Hydration-related Variables in “Healthy”* Participants in the Adventist Health Studyt
MEN
(n= 11,257)

HYDRATION VARIABLES

WOMEN
(n =16,085)

Caffeinated Beverages t
Never consume (%)
1 or less x per day (%)
1 to 3 x per day (%)
> 3 x per day (%)
Servings per day - Mean ± SEM
Range - servings per day
Ave. serving size

32.8
34.8
17.8
8.3
0.9 ± .02
Oto 16
1.4 oz. cups

0.6 ±.01
0 to 11.5
1.4 oz. cups

Alcohol
Never consumed (%)
2 or less x per day
>2 x per day
Servings per day - Mean ± SEM
Range - servings per day

78.7
16.4
1.0
0.1 ±.003
0 to 4

85.7
9.1
0.1
0.02 ± .001
0 to 4

Salt Intake §
Lo
Hi

56.2
34.0

39.3
33.0

14.8
4.2

57.0
32.6

*Omitting those with frequency of total fluid intake of <1 per day and total milk
intake of >7 x per day
tWithout history of coronary heart disease, stroke or diabetes at baseline
includes regular coffee, black tea, caffeinated sodas
§Lo: Does not salt before tasting; Hi: Salts food before tasting
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Table 4A.4.
Daily Fluid Intakes in the “Healthy”* Participants in the Adventist Health Study1
DAILY FLUID SERVINGS
Water
Mean glasses ± SEM
<1 glass (%)

1-2 glasses (%)
3-4 glasses (%)
5-6 glasses (%)
>6 glasses (%)
Fluids Other Than Water |
Mean ± SEM
<=2 servings (%)
3-4 servings (%)
>4 servings (%)
Range (servings)

MEN
(n =11,257)

WOMEN
(n =16,085)

4.5 ±0.1
2.6
15.0
35.6
25.6
19.7

4.3±0.1
3.2
17.3
36.9
26.7
14.3

3.9 ±0.02
17.9
61.9

3.6 ±0.02
21.2
62.4
16.3
Oto 17.1

20.2

0 to 18.6

Total Fluid Intake
Mean ± SEM
1 -<2 servings (%)
2-<3 servings (%)
3-<4 servings (%)
4-<5 servings (%)
5-<6 servings (%)
6-<7 servings (%)
7-<8 servings (%)
> 8 servings (%)
Range (servings)

8.4 ±0.03
0.6
1.5
3.4

6.9
9.3
12.8
13.2
52.3
1 to 26.6

7.8 ±0.02
0.9
2.3
4.7

8.6
11.4
14.0
14.0
44.1
1 to 25

* Without history of coronary heart disease, stroke or diabetes at baseline
t Omitting those with frequency of total fluid intake of <1 per day and total milk
intake of >7 x per day
X Includes postum, herb tea, decaffeinated coffee, juices (sweetened &
unsweetened), fruit “drinks”, regular soda, hot chocolate, other hot drinks, milk
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Table 4A.5.
RR for Coronary Heart Disease According to Water Intake in 11,257 “Healthy”* Male AHS Participants t
FATAL
WATER INTAKE
(glasses/day)

2 or less

N

EVENTS

1989

25

RR (95% Cl)*

1.00

N

EVENTS

1863

RR^So/oCI)11

N

EVENTS RR(95%CI)§

24

1.00

1854

23

1.00

i

3 to 4

4013

51

0.66 (0.40-1.06)

3668

43

0.61 (0.37-1.01)

3659

41

0.63 (0.38-1.05)

5 or more

5096

_48

0.47 (0.29-0.76)

4661

37

0.40(0.24-0.67)

4654

33

0.41 (0.24-0.70)

124

Trend p = .002

104

Trend p = .0004

97

Trend p = 0007

WATER INTAKE

N

EVENTS

RR (95% Cl) 11

N

EVENTS RR(95%CI)**

N

EVENTS RR(95%CI)tt

2 or less

1818

23

1.00

1814

23

1.00

1855

23

1.00

3 to 4

3547

41

0.60 (0.36-1.00)

3532

41

0.62 (0.37-1.04) 3654

41

0.62 (0.38-1.04)

5 or more

4525

33

0.39 (0.23-0.66)

4515

33

0.38 (0.22-0.66)

33

0.40 (0.24-0.69)

97

Trend p = .0004

97

Trend p = .0006

(glasses/day)

97

Trend p = .0005

4632

NON-FATAL
WATER INTAKE

N

EVENTS

298

6

1 to 4

5704

49

5 or more

5096

(glasses/day)

less than 1

WATER INTAKE

RR (95% Cl)*

N

EVENTS

278

5

0.33 (0.14-0.78)

5253

42

48

0.31 (0.13-0.73)

4661

103

Trend p = .35

1.00

EVENTS RR(95%CI)l5

276

5

0.37(0.14-0.94)

5237

42

0.38 (0.15-0.96)

38

0.31 (0.12-0.80)

4654

38

0.33 (0.13-0.84)

85

Trend p = .22

EVENTS

85

4

1.00

1 to 4

5094

41

0.46(0.16-1.30)

5079

41

0.62 (0.19-2.03)

5231

42

0.39(0.15-0.99)

5 or more

4525

36

0.39(0.14-1.10)

4515

37

0.54(0.16-1.71)

4632

38

0.34(0.13-0.87)

81

Trend p = .27

85

Trend p = .28

3

81

1.00

N

Trend p = .26

271

267

RR(95%CI)**

1.00

EVENTS

less than 1

N

1.00

N

N

(glasses/day)

RR(95%CI)H

RR (95% Cl)1

EVENTS RR(95%CI)1"f
5

278

Trend p = .26

1.00

* Without history of coronary heart disease, stroke or diabetes at baseline
t Omitting those with frequency of total fluid intake of <1 per day and total milk intake of >7 x per day and unknown water intake

+ Adjusted for Age
1 Adjusted for Age and Traditional Risk Factors for HD: smoking, BM1, education level, high blood pressure

§ Adjusted for 1 and exercise
II Adjusted for 1 and vegetarian status
** Adjusted for 1 and nut consumption
tf Adjusted for 1 and whole wheat bread consumption
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Table 4A.6
RR for Fatal Coronary Heart Disease According to Water Intake in 16,085 Healthy* Female AHS
Participants^
WATER INTAKE

N

(glasses/day)

EVENTS

RR (95% Cl)*

N

EVENTS RR (95% Cl)1

N

EVENTS

RR (95% Cl)§

2 or less

3309

23

1.00

2703

17

1.00

2598

17

1.00

3 to 4

5931

40

0.55 (0.33-0.91) 4719

31

0.56(0.31-1.03)

4523

30

0.59 (0.33-1.09)

5 or more

6600

52

0.62 (0.38-1.01) 5255

_39

0.60(0.34-1.07)

4993

.33

0.67 (0.37-1.19)

80

Trend p = .26

115
WATER INTAKE
(glasses/day)

N

EVENTS

Trend p = .11
RR(95%CI)H

87
N

Trend p = .14

EVENTS RR(95%CI)**

2 or less

2598

17

1.00

2598

17

1.00

3 to 4

4523

30

0.59(0.32-1.09) 4523

30

0.59(0.32-1.07)

5 or more

4993

33

0.58 (0.32-1.06) 4993

33

0.57(0.32-1.03)

80

Trend p = . 11

80

Trend p = .09

* Without history of coronary heart disease, stroke or diabetes at baseline
10mitting those with frequency of total fluid intake of <1 per day and total milk intake of >7 x per day and unknown water intake
1 Adjusted for Age
I Adjusted for Age and Traditional Risk Factors for HD for women: smoking, BMI, education level, high blood pressure, estrogen
replacement therapy
§ Adjusted for 1 and exercise
II Adjusted for 1 and nut consumption
** Adjusted for 1 whole wheat bread consumption
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Table 4A.7.
RR for Definite Fatal CHD According to Water Intake in Different Subgroups of the Healthy* AHS Population1
WATER INTAKE
GLASSES/DAY

2 or less
3 to 4
5 or more

GROUPING

Age:
<80 years

N

EVENTS

5131
9391
11119
25641

29
52
58
139

2 or less
3 to 4
5 or more

Smoking:
Current/past

1491
2245
2621
6357

15
34
27
76

2 or less
3 to 4
5 or more

Hypertension
No

4524
8157
9341

28

22022

2 or less
3 to 4
5 or more

BMI1:
<=23.7

2 or less
3 to 4
5 or more

Education:
<=High
School

2 or less
3 to 4
5 or more

2 or less
3 to 4
5 or more
2 or less
3 to 4
5 or more

2 or less
3 to 4
5 or more

2635
4609
4886
12130
1611
3165
3663
8296

50
59
137
21
30

39
90
33

55
55
143

2365

15

5612
7810
15787

48
52
115

2005

23

5010
6488
13503

53
57
133

3684
Bread:
Whole Wheat 7535
&/or Sprout
9135
only
20354

34

Exercise:
Moderate &

Hi
Meat
Consumption:
<l/week

Nut intake:
>l-2/wk

651
1961
3206
5818

65
60
159
7

17
23
47

RR (95% Cl) t

GROUPING

Age:
1.00
0.94(0.60-1.48) >=80 years
0.85 (0.54-1.32)
Trend p = .45

1.00
0.99 (0.53-1.82)
0.67 (0.35-1.26)
Trend p = .17

Smoking:
Never

Hypertension
1.00
0.55 (0.35-0.88) Yes
0.53 (0.34-0.83)
Trend p = .01

N

EVENTS

167
553
577
1297

100

3750

32

7562
8922
20234

57
69
158

757
1745

20

1.00

40

2300
4802

41
101

0.61 (0.36-1.05)
0.51 (0.30-0.87)
Trend p = .05

19
39
42

BMI \
1.00
0.41 (0.23-0.72) >23.7
0.47 (0.28-0.81)
Trend = .017

2330

24

4536
5795
12661

49
50
123

Education:
1.00
0.58 (0.37-0.89) >High School
0.51 (0.33-0.78)
Trend p = .003

2573
4188
4999
18374

15
36

2888
Exercise:
1.00
0.80 (0.45-1.44) None & light 4214
3777
0.62 (0.35-1.11)
10879
Trend p = .074

Meat
1.00
0.59 (0.36-0.96) Consumption:
0.48 (0.29-0.78) 1+/ week
Trend p = .004
Bread:
1.00
0.50(0.33-0.77) Any white
0.36 (0.24-0.56)
Trend p = .0000
Nut intake:
1.00
0.47 (0.20-1.15) <=l-2/wk
0.44 (0.19-1.03)
Trend p = .10

RR (95% Cl) t

42

93
33

42
45
120

1.00
0.59 (0.34-1.02)
0.59 (0.34-1.01)
Trend p = .08
1.00

0.48 (0.31-0.74)
0.46 (0.30-0.71)
Trend p = .001

1.00
0.72 (0.44-1.18)
0.56 (0.34-0.91)
Trend p = .03
1.00
0.69 (0.38-1.27)
0.61 (0.34-1.11)
Trend p = 0.12
1.00

0.55 (0.35-0.87)
0.57 (0.36-0.89)
Trend p <..02

3127
4534

24

1.00

35

4760
12411

37

0.57 (0.34-0.97)
0.56 (0.34-0.95)
Trend p = .04

1587

14
25

2347
2474

6406
4460
7595
7999
20054

96

34
73

39
70

67
176

1.00
0.80 (0.42-1.56)
1.04 (0.56-1.96)
Trend p = .78
1.00
0.64 (0.43-0.95)
0.55 (0.37-0.82)
Trend p = .004

* Without history of heart disease, stroke or diabetes at baseline
+ Omitting those with frequency of total fluid intake of <1 per day and total milk intake of >7 x per day and unknown
water intake
t Adjusted for age and sex
1 Body Mass Index
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Table 4A.8.
RR for Fatal Coronary Heart Disease According to Fluids Other than Water in 16,085 Healthy* Female
AHS Participants.f
OTHER FLUIDS

(servings/day)
2 or less
3 to 4

5 or more

N

EVENTS

RR (95% Cl)*

N

EVENTS

RR (95% Cl)II

N

EVENTS

RR (95% CI)§

1.00

1523

3

64

2.37 (0.95-5.92)

8657

58

2.56 (1.11-5.86)

2089

18

2.99(1.10-8.11)

2015

18

2.79(1.12-6.95)

12777

87

Trend p = .03

12195

79

Trend p = .06

2146

14

1.00

1633

5

11315

82

1.43 (0.81-2.53)

9055

2624

_22

1.80(0.92-3.51)

16085

118

Trend p =.09

1.00

* Without history of coronary heart disease, stroke or diabetes at baseline
* Omitting those with frequency of total fluid intake of <1 per day and total milk intake of >7 x per day and unknown water intake
* Adjusted for age
^ Adjusted for age and traditional risk factors for HD: smoking, BMI, education level, high blood pressure, estrogen replacement
therapy
§ Adjusted for ^ and exercise, nut consumption or whole wheat bread consumption
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THE ASSOCIATION OF FLUID INTAKE WITH RISK OF STROKE DEATH
Abstract
Background Moderate increases in hematocrit are associated with risk of stroke.
Hypohydration and the process of dehydration can increase hematocrit.
Methods and Results A total of 34,198 white, non-Hispanic Californians living in
Seventh-day Adventist households were followed for twelve years with respect to
development of fatal stoke. Extensive lifestyle information including diet, water and
other fluid intake were assessed at baseline. Among the 3,625 who reported stroke, heart
disease or diabetes at baseline, those who drank more than five glasses of water per day
had substantially lower age and sex adjusted risk of fatal stroke [(RR= 0.54 (95% Cl
0.30-0.99), 0.54 (95% Cl 0.29-1.04), and 0.53 (95% Cl 0.26-1.11) respectively]
compared to those who drank 2 or less glasses of water per day. The associations
persisted after adjusting for high blood pressure, smoking, education, body mass index,
diabetes and frequency of intake of fluids other than water.
Conclusion Our data suggests that there is an inverse dose-response relationship
between water intake and risk of fatal stroke in persons with prevalent stroke, CHD or
diabetes. Consumption of total fluids and fluids other than water were not associated
with risk of fatal stroke.
Key Words: Adventist Health Study, stroke, water, fluid, hydration, prevention ,
hematocrit, blood viscosity, plasma viscosity, rheology.
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Condensed Abstract for Annotated Table of Contents
Since both hypohydration and dehydration can increase hematocrit, an accepted
risk factor for stroke, we examined the association between fluid intake and stroke death
after 12 years, in 3,625 white, non-Hispanics in the Adventist Health Study population
who reported stroke, heart disease or diabetes at baseline. Our data suggests that there is
an inverse dose relationship between water intake and risk of fatal stroke. Consumption
of total fluids and fluids other than water was not associated with risk of fatal stroke.
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THE ASSOCIATION OF FLUID INTAKE WITH RISK OF STROKE DEATH
Chronic hypohydration can result in elevated hematocrit, 14 and the process of
dehydration can result in an acute rise in hematocrit.5 Dehydration has also been reported
to accelerate thrombus formation6 and to be a predisposing factor for recurrent
embolization.7 On the other hand, drinking one glass of hypo osmolar fluid at midnight
lowered blood viscosity in patients with previous stroke, to a point lower than their
normal day time low.
Persons with high compared to low normal hematocrit values have been reported
to have higher stroke incidence risk9,10 and mortality risk from vascular occlusion six
times greater than expected for sex and age-matched population. 11,12 Hematocrit has also
been observed to be inversely correlated with cerebral blood flow11,13,14 and whole blood
viscosity14 increasing the predisposition to cerebral thrombosis

11,13

Since there is increasing evidence linking hydration levels to hematocrit and
cerebral vascular occlusive factors, and since it has been suggested that the reducing
hematocrit and blood viscosity and of improving cerebral blood flow should be
considered in the prevention of stroke,16 we examined the relationship between fluid
intake and fatal stroke.

Methods
The details of the Adventist Health Study have been described elsewhere.17 This
study was approved by the Loma Linda University institutional review committee. The
subjects gave informed consent, and the procedures followed were in accordance with the
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committee and the 1983 Revision of the Helsinki Declaration of 1975. Briefly, 34,198
white, non-Hispanic Californians who were living in Seventh-day Adventist households
and were 25 years old or older completed a lifestyle questionnaire in 1976. They were
followed for twelve years from 1977 to 1988 with respect to total mortality, mortality due
to stroke, and mortality and morbidity due to coronary heart disease and cancer. Details
for determining and detecting fatal stroke, the outcome of interest in this study, have
been described elsewhere.18 Briefly, International Classification of Disease, 9th Revision
code 433-438 was required to be the underlying or immediate cause of death on the death
certificate, provided there were no other likely lethal causes on the certificate. In no case
was the cause on a death certificate accepted without supplementary evidence. Deaths
were determined for the total study population by computer-assisted linkage with the
California death certificate files the National Death Index, and church records. Relatives
were contacted to elicit information pertinent to the circumstances of death. When
available, autopsy reports were procured.19
The lifestyle questionnaire contained information on traditional risk factors for
stroke. In addition there were questions on intake of all kinds of drinks, including water,
juice, milk, soda, coffee, tea, herbal teas, hot chocolate, other hot drinks, etc. Water
intake was reported as number of glasses per day. Intake of fluids other than water were
reported as frequencies per month, week and/or day. Since only 17% of this population
reported any consumption of beer, wine or hard liquor, and in very low amounts,
alcoholic beverages were not included in any of the exposure variables. All fluid intakes
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were recoded to intakes per month. A detailed dietary validity study among a randomly
chosen subset of 147 participants of this population has been described elsewhere20,21 and
indicates that the serving size of fluids other than water ranged from 0.94 to 1.28 8-ounce
cups. 20,21
Statistical Analysis
Distribution of fluid variables under study were examined before analysis began
to detect outliers and to create biologically meaningful categories of exposure that
included adequate numbers of persons at risk in each category. Participants with a
frequency of total fluid intake of less than one per day (n=142) or with combined milk
frequency intake greater than seven per day (n=373), were discarded as having invalid
data. For each of the three types of fluid exposures, water, fluids other than water and
total fluid intake, three category levels were selected to allow for trend analysis. While as
little as one glass of hypo-osmolar electrolyte drink given at midnight has been reported
to be sufficient to lower the morning hematocrit to a point lower than the lowest day-time
value in seven elderly patients with a history of cerebral infarction8 the lowest category
used in this analysis was two or less glasses/servings per day because too few cases
occurred in the <1 glass of water per day category. The other two categories were ‘three
to four’ and ‘five or more’ glasses/servings per day’.
Associations between the various types of fluid intake and stroke death were
explored using Cox proportional hazards model in three steps: 1) adjusting for age and
sex 2) adjusting for age, sex and traditional stroke risk factors (hypertension, smoking
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history, Quetelet index, education, and diabetes). 3) fluids other than water was added as
a co-variable when testing association with water, and water was added as a co-variable
when testing fluids other than water. Analysis among those with prevalent stroke and
CHD were adjusted for prevalent diabetes. While CHD is also a risk factor for stroke, it
is also highly correlated with stroke22 and shares many predisposing causes, so we did
not adjust for it. We adjusted for diabetes because it can be part of the pathway for stroke.
Variables that changed the main effect estimate more than 10% were retained in the
model. Subjects with missing values in any of the variables used in a model were
excluded from the analysis. Analyses were done in those who reported prevalent
coronary heart disease, stroke or diabetes at baseline.
The statistical software package used was the Statistical Package for the Social
Sciences (SPSS for Windows: Advanced Statistics Release 8.0, 1998).
Results
Table 4B.1 lists selected demographic characteristics of the 3,625 Adventist
Health Study Population with prevalent stroke, CHD and/or diabetes at baseline. It
includes the co-variables and outcomes of this study. The proportion of current smokers
in this population was very small, 4.3%, but 28% were past smokers . More than 82% of
the population were teetotalers, and 46% drank no caffeinated beverages.
During the 6-year follow-up, 184 died of stroke. There were 84 stroke deaths
among the 1786 who reported prevalent coronary heart disease, 78 stroke deaths among
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the 614 who reported prevalent stroke, and 61 among the 1658 who reported prevalent
diabetes.
Among those who reported stroke, heart disease or diabetes at baseline, those
drinking more than five glasses of water per day had a consistently lower age-, sex- and
blood pressure- adjusted risk of fatal stroke [RR 0.45 (95% Cl 0.22-0.88), RR 0.41 (95%
Cl 0.22-0.76), and RR 0.50 (95% Cl 0.24-1.04) respectively] compared to those who
drank two or less glasses of water per day. The associations persisted after adjusting for
high blood pressure, smoking, education, Quetelet index, diabetes and frequency of intake
of fluids other than water. (See Tables 4B.2).
No associations could be found between fatal stroke and total fluid intake or
intake of fluids other than water.
Discussion
To our knowledge, this is the first epidemiological study examining the
association of intake of water, total fluids and fluids other than water, with risk of fatal
stroke. Assessment of water and fluid intake may not have been done in other large
cohort studies making comparisons with our findings difficult.
Our findings suggest that a low level of water intake may be an independent risk
factor for fatal stroke among those who have a history of stroke, coronary heart disease
and/or diabetes The amount of water needed to significantly reduce risk is relatively
small. Fluids other than water or total fluids do not seem to have the same protective
effect.
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This would harmonize with other observations that the relatively small changes in
blood rheological factors brought about by changes in hydration level in normal day to
day living, have been associated with increase in risk of stroke, or the rheological risk
factors for stroke, that is, hematocrit and plasma and blood viscosity.
Stroke events have been observed to increase during the time of day at which
humans are least hydrated . An hydration low point occurs after sleeping during which
time renal glomerular filtration continues causing plasma volume to fall, while water is
not usually consumed to replenish the loss.9 At this time of day there is a six- fold rise in
risk of stroke death22 compared to evening hours, and a marked circadian increase in
hematocrit which peaks at 8 am. and falls to a minimum at about 4 to 8 p.m. only to rise
through the night to peak at 8 am.25 Blood viscosity and hematocrit are also at their
highest during these morning hours.
Since Kurabayashi (1991)8 observed that just one glass (250 mis) of hypo osmolar
electrolyte drunk at midnight by seven elderly patients who had a history of cerebral
infarction at least three months prior, was sufficient to decrease by morning, the blood
viscosity of all seven to a point lower than their lowest day-time value it is possible that
the consumption of water increases plasma volume, thereby not only lowering hematocrit
but also fibrinogen which is a major contributor to plasma viscosity whose increase has
been associated with increase in stroke risk.26"29
Furthermore, a significantly increased hematocrit has also been observed at the
time of the appearance or enlargement of thrombi in patients who had previously
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detected intracardiac thrombus6 compared to their hematocrits obtained shortly before
detection. Furthermore, this increase was observed to occur mainly in patients with
negative water balance, particularly in those taking diuretics, suggesting that dehydration
may play an important role in the formation of intracardiac thrombi and subsequent stroke
events6. After examining 227 consecutive male and female patients aged 68.6 ±13.2
years with acute cardioembolic stroke, Yasaka et al., 19937 found that the hematocrit of
those who had recurrence of embolism within 14 days increased from .407± .056 on day
of entering study, to .415 ±.073 on day that recurrence occurred, a change of .008 points
(2.0%).

While cardiogenic cerebral embolism is now thought to cause only 15% of
ischemic cerebral infarcts30 increasing risk of recurrent embolism may still be another
route through which dehydration may increase risk of ischemic stroke.
Water and not fluids in general, are protective
Frequency of water intake in glasses per day, but not frequency of total fluid or
fluids other than water was found to have any consistent or significant relationship with
stroke deaths. That the protective effect was coming from water intake and not fluid
intake in general, was confirmed when there was virtually no change in estimated effect
measure when adjustments were made for fluids other than water. Intake of fluids other
than water neither enhanced nor detracted from the beneficial effects of water intake.
These results were somewhat unexpected for two reasons. Firstly, the
Recommended Daily Allowance (RDA) for fluids is made in relation to total energy
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expenditure, as mis per kcal of energy output (National Research Council, 1989),31 rather
than as absolute amounts. Adjusting for body mass index may indirectly have made some
adjustment for total energy expended. Secondly, the source of the water, whether food,
highly osmolar beverages, caffeinated beverages, or water is not a factor in determining
its contribution to water requirements for the RDA.
Reasons for the lack of association between fluids other than water and stroke
deaths could be methodological and/or physiologic. Intake of fluids other than water
were measured as frequencies, rather than as actual volume whereas for water, the
question was phrased as 'How many glasses of water do you drink per day'. However, a
food frequency/ portion substudy among a sample of 147 from the AHS cohort found
that the mean size of servings for fluids other than water ranged from 0.94 to 1.28 8ounce cups, with one cup being by far the most common serving size20,21. This reduces
the likelihood that the lack of association could be due only to poor assessment.
However, there are physiological factors that may explain the protective effect of
water and the lack of protective effect of fluids other than water. Many beverages are
hyperosmolar to blood. Compared to the plasma osmolality of 260 mOsm/kg, non-diet
juices and sodas are highly hyperosmolar, ranging from 565 mOsm/kg for regular ginger
ale to 836 mOsm/kg for cranberry juice.32 Undigested milk is approximately iso-osmolar
at about 280 mOsmol/kg while diet sodas, coffee and tea are hypo-osmolar ranging from
8 to 120 mOsmol/kg. When fluids from the stomach are hyperosmolar to plasma, their
entry into the small intestine, which is the major site of water absorption, is delayed.33,34
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Hence entry into the bloodstream of any water carried in the hyperosmolar fluids is
delayed. The delay occurs because gastric contents are released into the duodenum only
as fast as the small intestines can digest them. Drinks other than water, contain more
metabolites to be digested than does water, so they would be released from the stomach
more slowly than water. As chyme leaves the stomach, there is a further increase in its
osmolality as any sugars or proteins present are digested in the proximal part of the
duodenum. While fluids flow around the mass of food in the stomach and have a more
rapid emptying into the duodenum than the more solid material, under conditions with
similar stomach contents, fluids other than water would have a higher osmolality than
water.
Most sugars are not absorbed until they reach the jejunum, and water is absorbed
from the jejunum and ileum only if the lumen contents are isotonic or hypotonic to the
surrounding capillaries. To reduce the hypertonicity of the duodenal luminal contents to
the required iso-osmolality, water is secreted from the plasma into the lumen. 35-37 The
higher the tonicity, the greater the amount of water drawn from the plasma. Depending
on the timing, volume and osmolality of the fluids consumed, the net flux of water from
the plasma could be sufficiently large to raise blood viscosity to clinically significant
levels, especially if other factors, such as infection, fatty meals, environmental cold,
depression and anxiety, and use of certain drugs are occurring at the same time.36
Our findings raise questions as to whether all fluids are indeed “created equal”
with respect to hydration needs.
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Water intake, causative or a marker?
The fact that the magnitude of the relative risks did not change when adjustments
were made for stroke risk factors, and factors generally associated with a healthy lifestyle,
indicate that water intake probably has an independent effect rather than being simply a
marker for a healthy lifestyle. The significant dose-response relationship further supports
this assessment.
Potential Biases
In order to determine possible sources of measurement bias, particular attention
was given to missing health habit and dietary data since some questions were directly
associated with church restrictions for a healthy lifestyle (avoiding smoking, alcohol,
coffee, etc.). Investigation showed that the response rates to the sensitive questions were
similar to nonsensitive items varying from 2% to 8%. 16 Thus missing information on
sensitive items is probably not a source of bias.
Another potential source of weakness in data collection is that all baseline
information gathered, including prevalent disease, was self-reported. However,
Paffenbarger et al. (1983)39 have documented adequate validity for self-reported
hypertension among well-educated populations and the AHS population has both a great
interest in their own health and is well-educated. Therefore we believe self-reported
information on baseline disease is fairly reliable.
There was insufficient information to adjust for geographic, seasonal affects and
indoor/outdoor locale of work, all factors known to affect hydration levels.
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End-point bias needs to be addressed in further studies by including stroke
incidence as well as fatal stroke. This may result in associations being found with
primary as well as secondary stroke, and with fluids other than water.
Differentiation between hemorrhagic and ischemic stroke was not made since
autopsies were not done for all events. Thus the outcome measures included stroke death
from both causes, possibly introducing a small proportion of misclassified persons.
At this time, no study has been done to assess if the effects of the traditional risk factors
for stroke death in the AHS population are similar to those in the general population.
Summary
The findings of this study indicate that water intake is negatively associated with
risk of fatal stroke in those who have prevalent coronary heart disease, stroke or diabetes.
Our findings are novel so need to be replicated in other populations. They also indicate
that the traditional view that water requirements can be supplied equally by any type of
fluid may need to be re-examined.
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TABLES
Table 4B.1
Selected Characteristics of Adventist Health Study Participants* who
Reported Stroke, CHD and/or Diabetes at Baseline1
CHARACTERISTIC

VALUE
3,625

N
Sex
Males (% of “unhealthy” population)

41.3

Females (% of “unhealthy” population)

58.7
66.7±13.5

Age (years, mean ± SD)
Medical History
Hypertension (% of “unhealthy” population)

52.2

Heart Disease (% of “unhealthy” population)

54.2

Stroke (% of “unhealthy” population)

20.4

Diabetes (% of “unhealthy” population)

50.9

Smoking History
Never Smoked (% of “unhealthy” population)

67.1

Past Smoker (% of “unhealthy” population)

28.6

Current Smoker (% of “unhealthy” population)

4.3

Quetelet Index
<22.3 (% of “unhealthy” population)

22.8

22.3-27.4(% of “unhealthy” population)

40.7

>27.4 (% of “unhealthy” population)

26.0

Education Level
<= high school (% of “unhealthy” population)

51.5

Some College (% of “unhealthy” population)

32.6

College Grad (% of “unhealthy” population)

15.9
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CHARACTERISTIC

VALUE

Hydration Variables
Caffeinated Beverages1
Never consume (% of “unhealthy” population)

46.0

<1 x per day (% of “unhealthy” population)

34.0

1 to 3 x per day (% of “unhealthy” population)

15.4

> 3 x per day (% of “unhealthy” population)

4.5

Alcohol
Never consumed (% of “unhealthy” population)

84.4

<2 x per day (% of “unhealthy” population)

9.1

>2 x per day (% of “unhealthy” population)

0.2

Salt
Lo (Does not salt before tasting) (% of population)

52.4

Hi (Salts food before tasting) (% of population)

28.7

Exposure Variables
Water
Glasses (mean per day ± SD)

4.7±2.1

Fluids other than water
Frequency (mean per day ± SD)

3.9±2.2

Stroke Deaths
In “unhealthy” population (% in “unhealthy” population)
With Stroke History at baseline (% in those with stroke history)

78 (12.8%)

With CHDHistory at baseline (% in those with CHD history)

84(4.8%)

With Diabetes History at baseline (% in those with stroke history)
*Omitting those with frequency of total fluid intake of <1 per day
and total milk intake of >7 x per day
1 Labeled “unhealthy” for brevity
t

184 (5.1%)

Regular coffee, caffeinated soft drinks, tea
99

61 (3.7%)

Table 4B.2
RR for Fatal Stroke According to Daily Water Consumption by AHS Participants
Reporting Stroke, CHD and/or Diabetes at Baseline.*
RISK OF FATAL STROKE IN THOSE WITH PREVIOUS STROKE
WATER
INTAKE

N

Events RR (95% CI)t

N

Events

RR (95% Clf

N

Events RR (95% CI)1

glasses/d
2 or less
3 to 4

94

15

231

37

5 or more 289
614

1.00

92

15

1.00

71

13

0.85 (0.46-1.55)

215

33

0.79(0.43-1.47)

189

28 0.67(0.34-1.29)

26

0.53 (0.28-1.01)

272

21

0.45 (0.23-0.88)

246

20 0.42(0.21-0.85)

78

Trend p = 0.04

579

70

Trend p = .01

406

61 Trend p = .01

1.00

RISK OF FATAL STROKE IN THOSE WITH PREVALENT CHD

2 or less

219

3 to 4

689 33

15

5 or more _878 ^6
1786

84

1.00

199

15

1.00

174

13

1.00

0.56(0.30-1.02) 630

28

0.45 (0.24-0.84) 541

26

0.48 (0.25-0.95)

0.50(0.27-0.92) _817

32

0.41 (0.22-0.76) .726

28

0.43 (0.22-0.84)

Trend p = .01

67

Trend p = .02

Trend p = .04

1646

75

1441

RISK OF FATAL STROKE IN THOSE WITH PREVALENT DIABETES
2 or less

229

10

3 to 4

576

26

5 or more _853
1659

1.00

200

10

0.81 (0.39-1.69)

546

23

25

0.52(0.25-1.09)

.796

61

Trend p = .05

1532

1.00

188

6

1.00

0.72(0.34-1.52)

481

16

0.83 (0.32-2.13)

24

0.50(0.24-1.04)

JTIO

20

0.64(0.26-1.62)

57

Trend p = .05

1379

42

Trend p =.30

* Omitting those with frequency of total fluid intake of <1 per day and total milk intake of >7 x per day
and unknown water intake
t Adjusted for Age and sex

i Adjusted for Age, sex and high blood pressure
11 Adjusted for | smoking, education, BMI
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CHAPTER 5
ADDITIONAL FINDINGS
Total Mortality from Natural Causes
Among the 11,257 males and 16,431 females without prevalent CHD, stroke
and/or diabetes at baseline (labeled “healthy” at baseline), 2,328 males and 3,169 females
died of natural causes during the twelve year follow-up (omitting those with frequency of
total fluid intake of less than one per day and total milk intake of more than seven
servings per day). Among the 3625 males and females who reported CHD, stroke and/or
diabetes at baseline, (labeled “unhealthy” at baseline), 1665 died of natural causes.
Risk of Mortality from Natural Causes Among the “Healthy” Participants
Among “healthy” males, the RR for those consuming 5 or more glasses of water a
day compared to those consuming 2 or less was 0.85 (95% Cl 0.72-1.01), adjusted for
age. When adjusted for the traditional risk factors, the RR became 0.90 (0.75-1.08). The
associations between fluids other than water was also significant in the age-adjusted
model, but not in the model adjusted for the traditional coronary heart disease risk factors.
The RR for natural cause mortality in those males consuming 5 or more servings of fluids
other than water compared to those consuming 2 or less was 1.26 (1.02-1.56), becoming
1.05 (0.84-1.32) in the traditional heart disease risk factor model (See Table 5.1).
Among the “healthy” females, no associations between natural cause mortality
and any of the fluid types were found in these preliminary analyses.
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Risk of Mortality from Natural Causes Among the “Unhealthy” Participants
As in the healthy males, water intake was also inversely associated with natural
cause mortality among the “unhealthy” population of males and females (tested together
because of low numbers) when adjusted for age. However, the confidence intervals
became wider when adjustment was made for traditional CHD risk factors. The RRs for
those drinking 5 or more compared to 2 or less were 0.86 (95% Cl 0.72-1.03) and 0.94
(0.77-1.14) respectively.
“Fluids other than water” was the only fluid category that retained significant
associations with natural cause mortality among the unhealthy participants in multivariate
analysis, the RR of those consuming 5 or more servings a day compared to 2 or less being
1.37 (Cl 95% 1.09-1.72) and 1.29 (1.02-1.64) in the age- and sex-adjusted, and traditional
risk factor models respectively. However, the significance of the trend was not
maintained (See Table 5.2).
Additional Analyses for Coronary Heart Disease
Associations of CHD with Total Fluid Intake in “Healthy” and “Unhealthy” Participants
No associations were found between total fluid intake and risk of fatal or non-fatal
CHD in AHS men or women, who reported no CHD, stroke or diabetes at baseline.
However, the number of events for the lowest category of total fluid intake, less than four
servings per day, was very low, ranging from 0 for non-fatal events in females to 6 for
total CHD events in males. (See Tables 5.3 and 5.4).
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RR of CHD in Participants with CHD at Baseline
In the population with prevalent CHD, males and females were tested together
because of low numbers. Preliminary analyses show a significant association between
intake of fluids other than water and total and fatal CHD events, the RR of those
consuming 5 or more servings per day compared to those consuming 2 or less, having an
age- and sex-adjusted RR of 1.94 (95% Cl 1.44-3.30), and 1.85 (95% Cl 1.02-3.37)
respectively. The size of effect was somewhat diminished in multivariate analysis and the
significance lost. (See Tables 5.5 and 5.6). Preliminary analyses show no associations
between fluids other than water and non-fatal CHD or between water intake and CHD in
those participants with CHD at baseline.
Additional Analyses for Stroke Death
No significant associations were found between frequency of total fluid intake and
stroke death in the “unhealthy” (with prevalent coronary heart disease, stroke and/or
diabetes) at baseline) or between any of the fluid types and stroke death in the “healthy”
population in these preliminary analyses (See Table 5.7).
Association of Outcomes With Fluid Exposure Expressed as Mls/Kcal.
No associations were found with any disease outcome when the fluid exposures
were expressed in mls/kcal.
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TABLES

Table 5.1
RR of Total Mortality from Natural Causes in “Healthy”* Participants in the AHSf
MALES
Type of Servings/
Fluid
day
Total
Fluids

<4
4 to 8
>8

Water

2 or less
3 to 4
5 or more

Fluids
Other
Than
Water

2 or less
3 to 4

5 or more

Cases

Events

RR (95% Cl)*

Cases

Events

406
4007
4943
9356

28
401
518
518

1.00
1.23 (0.84-1.81)
1.15 (0.79-1.69)
Trend p = .08

1989
4013
5096
11098

175
538
641
1354

1.00
0.98 (0.82-1.17)
0.85 (0.72-1.01)
Trend p = .32

1863
3668
4661
10192

150
461

1568
5908
981
9457

156
611
195
962

1.00
1.07 (0.90-1.28)
1.26(1.02-1.56)
Trend p = .02

1451
5494
1857
8802

553

1164
141
540

173
854

RR (95% Cl)1

1.00
1.04 (0.86-1.25)
0.90 (0.75-1.08)
Trend p = .11
1.00
1.00 (0.83-1.21)
1.05 (0.84-1.32)
Trend p = .63

FEMALES
Total
Fluids

<4
4 to 8
>8

828
6112
5567
12507

45
492
548
1085

1.00
0.94 (0.69-1.28)
1.08 (0.79-1.46)
Trend p = .0002

Water

2 or less
3 to 4
5 or more

3309
5931
6600
15840

237
711
846
1794

1.00
1.01 (0.87-1.17)
1.00 (0.86-1.15)
Trend p = . 0000

3016
5281
5804
14101

209 1.00
602 1.02(0.87-1.20)
712 1.01 (0.87-1.19)
1523 Trend p =.90

Fluids
Other
Than
Water

2 or less
3 to 4
5 or more

2516
7985
2138
12639

216
701
191
1108

1.00
1.02 (0.87-1.19)
1.10(0.91-1.34)
Trend p = .30

2281
7202
1909
11392

193
616
170
979

1.00
1.01 (0.87-1.18)
1.10 (0.91-1.34)
Trend p = .999

* Without history of coronary heart disease, stroke or diabetes at baseline
t

Omitting those with frequency of total fluid intake of <1 per day and total milk intake of >7 x
per day

* Adjusting for Age
11 Adjusting for Age, smoking, blood pressure, education level and body mass index
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Table 5.2
RR of Total Mortality from Natural Causes in “Unhealthy”* Male and Female Participants in the
AHS Population^
Type of Servings/
Cases Events
Fluid
day
Total <4
Fluids 4 to 8
>8

Cases

Events

RR (95% Cl)11

68
808
1145
2021

24
323
464

811

1.00
0.96 (0.64-1.46)
1.05 (0.70-1.59)
Trend p = .76

398
1057
1446
2901

161
482
622
1265

1.00
0.89 (0.75-1.07)
0.86 (0.72-1.03)
Trend p = .54

337
920
1290
2547

128
411
550
1089

1.00
0.96(0.79-1.17)
0.94(0.77-1.14)
Trend p = .50

2 or less
335
3 to 4
1349
5 or more 465

124
507
192
823

1.00
1.18 (0.97-1.44)
1.37(1.09-1.72)
Trend p = .006

310
1124
442
1854

114
447
176
737

1.00
1.20(0.97-1.47)
1.29(1.02-1.64)
Trend p= .06

Water 2 or less
3 to 4
5 or more

Fluids
Other
Than
Water

RR (95% Cl)*

2049

* With prevalent coronary heart disease, stroke and/or diabetes at baseline
t

Omitting those with frequency of total fluid intake of <1 per day and total milk intake of >7 x
per day

* Adjusting for age and sex
11 Adjusting for age, sex, smoking, blood pressure, education level and body mass index
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Table 5.3
RR of Coronary Heart Disease According to Total Fluid Intake in Healthy* Males Participants in
the AHS T
CHD Servings
Events
/day

Cases

Events

RR (95% CI)i

Fatal +
NonFatal

<4
4 to <8
>8

406
4007
4943
9356

6
71
78
155

1.00
1.05 (0.46-2.43)
0.87 (0.38-1.99)
Trend p= .63

Fatal

<4
4 to <8
>8

406
4007
4943
9356

4
42
36
82

1.00
0.88 (0.32-2.46)
0.56(0.20-1.57)
Trend p = .03

NonFatal

<4
4 to <8
>8

406
4007
4943
9356

2
32
44
78

1.00
1.49(0.36-6.22)
1.57 (0.38-6.49)
Trend p^.63

Cases

Events

380
3730
4611
8721

4
39
30
73

RR (95% CI)^

1.00
0.77 (0.27-2.18)
0.42 (0.15-1.20)
Trend p = .007

* Without prevalent coronary heart disease, stroke and/or diabetes at baseline
t

Omitting those with frequency of total fluid intake of <1 per day and total milk intake of >7 x
per day

t

Adjusting for age

11 Adjusting for age, smoking, blood pressure, education level and body mass index
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Table 5.4
RR of Coronary Heart Disease According to Total Fluid Intake in
Healthy* Female Participants in the AHS1
CHD Events
Fatal +
Non-Fatal

Fatal

Servings
/day
<4

4 to <8
>8

<4

4 to <8
>8

Non-Fatal

<4

4 to <8
>8

Cases
828
6112
5567
12507
828
6112
5567
12507
828
6112
5567
12507

RR (95% Ciy

Events
3

36
47

86
3

28
35
66

1.00
1.05 (0.32-3.41)
1.36 (0.42-4.38)
Trend p = .10
1.00
0.78 (0.24-2.56)
0.96 (0.29-3.14)
Trend p= .51

0

9
12
21

* Without prevalent coronary heart disease, stroke and/or diabetes at baseline
t Omitting those with frequency of total fluid intake of <1 per day
and total milk intake of >7 x per day
i Adjusting for age

j
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Table 5.5
RR of Total CHD in AHS Participants* Reporting CHD at Baseline

TOTAL (FATAL + NON-FATAL) CHD
Type of Servings/
Fluid
day

Cases Events

RR (95% Cl)*

Total
Fluids

<4
4 to <8
>8

38
470
611
1119

2
58
97
157

1.00
1.40(0.34-5.80)
2.08 (0.51-8.48)
Trend p = .03

Water

2 or less
3 to 4
Sormore

219
689
_878
1786

27
95
132
254

1.00
0.95 (0.62-1.46)
1.05 (0.69-1.59)
Trend p = .43

Fluids
Other
Than
Water

2 or less
3 to 4
5 or more

193
678
262
1133

20
93
_44
157

1.00
1.51 (0.93-2.43)
1.94(1.44-3.30)
Trend p = .04

Cases Events RR(95%CI)11

170
576
216
962

19
78
_34
131

1.00
1.38 (0.83-2.30)
1.59 (0.90-2.81)
Trend p= .13

* Omitting those with frequency of total fluid intake of <1 per day and total milk intake of >7 x
per day
t Adjusting for age and sex
11 Adjusting for age, smoking, blood pressure, education level and body mass index
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Table 5.6
RR of Fatal CHD and Non-Fatal CHD in AHS Participants* Reporting CHD at Baseline
FATAL CHD
Type of Servings/
Fluid
day
Total
Fluids

Water

Fluids
Other
Than
Water

<4
4 to <8
>8

Cases Events
38
470

2
45

611
1119

127

2 or less
3 to 4
5 or more

219
689
878
1786

2 or less
3 to 4
5 or more

193
678
262
1133

80

21

RR(95%CI)t
1.00

1.38 (0.33-5.72)
2.03 (0.50-8.30)
Trend p = .03
1.00

76
109
206

0.99 (0.51-1.93)
1.11 (0.58-2.12)
Trend p = .062

16
78

1.00
1.60 (0.93-2.74)
1.85 (1.02-3.37)
Trend p = .07

33
127

Cases Events RR(95%CI)t

170

576
216
962

15
64
24
103

1.00

1.52 (0.86-2.69)
1.49 (0.78-2.85)
Trend p = .48

NON-FATAL CHD
Type of Servings/
day
Fluid
Total
Fluids

Water

Fluids
Other
Than
Water

<4
4 to <8
>8

2 or less
3 to 4
5 or more

2 or less
3 to 4
5 or more

Cases Events
38
470

611
1119

RR (95% CI)+

Cases Events RR(95%CI)t

0
14
24

38

219
689
878
1786

7
23
31

193
678
262

4
20
14

1133

38

61

1.00

0.74 (0.29-1.02)
0.72 (0.29-1.82)
Trend p = = .54
1.00

170

4

1.47 (0.50-4.32)
2.77 (0.91-8.32)
Trend p = .03

576
216
962

19
12
35

1.00

1.35 (0.46-4.02)
2.30 (0.74-7.21)
Trend p = .42

* Omitting those with frequency of total fluid intake of <1 per day and total milk intake of >7
per day
f Adjusting for age and sex
* Adjusting for age, sex, smoking, blood pressure, education level and body mass index
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Table 5.7
RR for Stroke Death According to Fluid Intake in the Adventist Health Study Population.*
MALES AND FEMALES REPORTING CHD, STROKE AND/OR DIABETES AT
BASELINE
Type of Fluid
Total Fluids

Servings/day

<4
4 to <8
>8

Cases

Events

68
808
1145
2021

5
48
51
104

RR (95% CI)+

1.00
0.60 (0.23 - 1.51)
0.50 (0.20- 1.27)
Trend p = .27

MALES AND FEMALES REPORTING NO CHD, STROKE OR DIABETES AT
BASELINE
Total Fluids

<4
4 to <8

>8

Water

2 or less
3 to 4

5 or more

Fluids Other
Than Water

2 or less
3 to 4

5 or more

1234
10119
10510
21863

99
193

5298
9944
11696
26938

128
153
316

10
84

35

4048

32

13746
4069
22096

132
35

199

1.00
0.67(0.34 - 1.28)
0.71 (0.40 - 1.36)
Trend p = .37
1.00
1.05 (0.72- 1.54)
1.03 (0.71 - 1.49)
Trend p = .052
1.00
1.23 (0.84- 1.81)
1.29 (0.80-2.08)
Trend p = .37

*Omitting those with frequency of total fluid intake of <1 per day and total milk intake of >7 x
per day
f Adjusting for age and sex
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CHAPTER 6
DISCUSSION
Discussion of Results and Implications for Preventive Care
To my knowledge, this is the first study to examine the relationship between fluid
intake and outcomes of CHD, fatal stroke and total natural-cause mortality. Analyses
indicate that water and fluids other than water are indeed associated with risk of CHD and
fatal stroke, and total natural-cause mortality, but total fluid intake is not. Table 6.1
records a summary of the results for all CHD, stroke and total natural-cause mortality
endpoints with fluid exposures of water and fluids other than water. No associations
were found with total fluid intake for any endpoint.
The associations appear to be congruent with the hypothesis that factors which
affect both chronic and acute hydration levels, that is, frequency and osmolality of fluid
intake, affect the risk of heart disease and stroke, in that water decreased the risk whereas
fluids other than water increased the risk. Please see the discussion sections in the papers
on heart disease and stroke death for proposed mechanisms.
The associations between total mortality from natural causes and intakes of total
fluid, water and fluids other than water followed the general pattern of no associations for
total fluid, with tendency to reduced risk with water and increased risk with fluids other
than water, although the size of effect and the strength of the associations were not as
great as when the endpoint was CHD or stroke death. In the age-adjusted model in
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Table 6.1
Summary of Results
FLUID EXPOSURE
DISEASE ENDPOINT

WATER

CHD - NO CHD, Stroke or Diabetes at Baseline

FLUIDS OTHER
THAN WATER

RR (95% Cl)

RR (95% Cl)

Fatal
Males

0.40 (0.24-0.67)1i §
Trend p = .0004

No Association §

Females

0.60 (0.34-1.07)1 §
Trend p = .14

2.99(1.10-8.11)1§
Trend p = .03

0.31 (0.12-0.80)1
Trend p = .22

No Association8

Insufficient Events8

Insufficient Events8

No association 8

1.85 (1.02-3.37)+8
Trend p = .07

No association 8

2.77 (0.91-8.32)+8
Trend p = .03

- No Stroke, CHD or Diabetes at baseline

No association8

No association8

- Stroke at baseline

0.45 (0.23-0.76)+§
Trend p = .01

No association8

- CHD at baseline

0.41 (0.22-0.76)+8
Trend p = .01

No association8

- Diabetes at baseline

0.50 (0.24-1.04)+§
Trend p = 0.5

No association8

0.85 (0.72-1.01)*§
Trend p =.32

1.26 (1.02-1.56)*8
Trend p = .02

No association

No association

0.86 (0.72-1.03)*8
Trend p = .54

1.37 (1.09-1.64)*8
Trend p = .006

Non-Fatal
Males
Females
CHD - CHD AT BASELINE MALES + FEMALES
Fatal
(>=5 vs. <=2 daily servings)
Non-Fatal

FATAL STROKE

TOTAL NATURAL-CAUSE MORTALITY
- No CHD, stroke, or diabetes at baseline
Males
Females
-CHD, stroke or diabetes at baseline

* Age- adjusted; + age- and sex-adjusted; + Age-, sex- and high blood pressure-adjusted
1 Age, smoking, blood pressure, education level and body mass index
8 >=5 vs. <=2 daily servings; ' >=1 vs. <1 daily servings
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“healthy” males and “unhealthy” males and females combined, the associations between
water intake and natural cause mortality were marginally significant. Further analyses are
needed to develop a full model in order to assess this completely.
In those relationships where there is question about the association between water
intake and fluids other than water with the disease outcomes, there are good reasons to
pursue further investigations. For example, for stroke in those who had not experienced
stroke at baseline, it is possible that analyses including non-fatal events and/or separating
males and females, would yield associations not evident in analysis for stroke death.
Also, it is possible that the lowest category of 2 or less glasses of water a day is too high,
since it only took one glass of water drunk at midnight, to mitigate the diurnal rise of
hematocrit and blood viscosity. In the case of the lack of association of water intake with
CHD in those with previous CHD, larger numbers enabling the analysis of males and
females separately, as was done for those without CHD, stroke or diabetes at baseline, are
needed It is not unreasonable to expect that there are differences in response to fluids in
men and women who have experienced CHD at baseline as was seen in those who have
not.
With regard to total mortality and water intake, the results did show an inverse
association that was very close to significance in the age-adjusted model for “healthy”
males (95% Cl 0.72-1.01) and for “unhealthy” males and females combined (95% CI.721.03) in the age- and sex-adjusted model. A possible explanation for the loss of
significance and size of effect on multi-variate analysis with the traditional heart disease
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risk factors might include the fact that causes for total mortality vary widely. Therefore
there would be a wide variety of mechanisms by which hydration could be a causative
factor. Since the cause and degree of hypohydration are both important in determining
which and to what degree, fluid compartments and body tissues are affected, it is not
unreasonable to expect that the thresholds, hydration levels relevant, and risk factors that
would be applicable would vary for different diseases. Hence the use of just one set of
water categories and adjusting for coronary heart disease risk factors to examine the
relation between water intake and all natural-cause mortality does not allow for this
variation. It is therefore more reasonable to expect that determining the effect of water
intake on total mortality may require adding together the results of different diseases.
Two cases in point. The effect of water on CHD was not detected on the
population as a whole but there are clear indications of its effect when males and females
in healthy and unhealthy populations were examined separately. The strength and size of
these relationships depended on whether the subject was male or female, and the disease
was fatal or non-fatal, and whether the event was primary or secondary. In an
institutionalized setting there was a clear association between hydration and total
mortality. In a two-year study of 58 patients in a continuing-care unit, O’Neill et ah,
(1990) observed that patient risk of death was significantly associated with increased
plasma osmolality (>308 mOsm/kg), the most common cause of death under these
circumstances being respiratory infection, followed by vascular pathologies. They
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also observed excess mortality during heat waves, suggesting dehydration or
hyperthermia as factors influencing death rate.
According to our hypothesis, the lack of associations between total fluids and any
tested outcomes may be due to the opposing effects on hydration of hypo- and hyper
osmolar fluids. Therefore associations may become apparent when hypo- and hyper
osmolar fluids are tested separately.
Because of the foregoing reasons it would be prudent to further investigate those
relationships for which there were not apparent associations in this study, taking into
consideration the factors just discussed
It is of particular interest to note that no associations were found with any disease
outcome when the fluid exposure was expressed in mls/kcal, the units used to quantify
the daily recommended allowance (RDA). The assumptions in using mls/kcal are that the
subjects are in caloric balance, and that they correctly reported their food intake. If there
was a wide variation in accuracy, it might possibly be enough to hide the associations.
Although the associations between fluid intake and disease were evident when the
exposure was expressed in a manner that did not relate to body size, the impact of body
size may have been expressed by women needing lower amounts of water than men to
reduce their risk of fatal heart disease, and women’s much more dramatic response to the
hazardous effects of fluids other than water.
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Fluid Intake. Causative or Marker?
The effects of the intake of water and fluids other than water did not significantly
change when adjustments were made for vegetarian status, whole wheat bread and nut
consumption, dietary factors associated with CHD risk in the AHS population, and
exercise. This indicates that the effects were probably due to the exposure variables
under consideration, and not due to some other “healthy lifestyle” factor. However, that
possibility cannot be ruled out altogether.
Strengths and Limitations of Study and Potential Biases
These issues were addressed in the papers on heart disease and stroke and apply
also to total mortality from natural causes. Therefore they will not be repeated here.
Further Studies
Studies in other populations are needed to confirm the results of this study for
several reasons. Firstly, there is always the possibility that the associations found were a
result of chance, although several analytical procedures were carried out to reduce the
likelihood of this possibility. However, examining the association of fluid intake with
CHD and stroke in the general population may be difficult to do expeditiously, because,
as far as we are aware, there are no other large prospective studies that have requested, or
are requesting detailed information regarding fluid intake. Until other epidemiological
studies can confirm the results, clinical trials looking at immediate and short term effects
of various types of fluid, and the timing of their consumption on blood and urine
outcomes may be helpful in confirming the association between these factors.
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With regard to data that is currently available, namely the AHS data, based on the
results of the analyses in this study, and the literature regarding the effects of hypo- and
hyperosmolar fluids on the absorption and secretion of water, this data should be further
examined dividing the fluids into water and hypo- and hyperosmolar fluids and possibly
caffeinated beverages.
In future studies, questionnaires need to include items to enable fluid intake to be
categorized according to osmolality. Questions regarding serving size would also be
important. With many eating establishments now providing free refills of beverages with
meals, and “cup” sizes varying from 8 to 24 ounces, the variation in size of serving
possible makes it an important factor to include with frequency. Another factor to
consider is the time at which the fluids are consumed. Since there is an association
between risk of heart disease and stroke with the time of day when hydration level is
lowest, that is, after a night’s sleep, and since water is secreted into the duodenum to
bring chyme to iso-osmolality before absorption of nutrients begins, it may be important
to determine if the acute changes brought about by drinking water at specific times has
any effect on the risk of heart disease and stroke. Since the teachings for healthful living
in Adventist literature include the suggestion that the time to drink water is “some little
time before or after a meal” (White, 1884), and this study was done on a largely Seventhday Adventist population, timing may also have influenced the beneficial effect that
water consumption had in this population.
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The comments on further studies for heart disease are also applicable to stroke. In
addition, inclusion of non-fatal stroke events may provide more insights regarding the
relationships between stroke events and fluid intake.
This study needs to be repeated in other populations, especially in those that have
a wider variation both in type, especially coffee and artificially sweetened beverages, and
range of fluid intake, especially the lower range of total intake. The most immediate
effects of fluid intake might be seen in high risk populations such as the elderly, the
institutionalized, hyperlipidemics, hypertensives, African-Americans, smokers, diabetics
and those with history of stroke, especially since diuretics is the drug recommended to
treat hypertension for some of the diseases suffered by those in this group. Thus it may
be most useful to concentrate our first efforts for clinical trials in these populations.
Relevancy to the Practice of Preventive Care
Recommendations for lifestyle changes should not usually be made on the basis
of findings from a single study. The discussion of these findings in relation to the
practice of Preventive Care is done assuming that there will be confirmation of these
findings by other investigators. It is also done with the expectation that when hypo- and
hyper- osmolar fluids are studied as separate exposure variables, there will be some
modifications with regard to comments on the effects of the exposure variable “fluids
other than water”.
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Coronary Heart Disease and Stroke Death
From the results of this study, the general principle for the reduction of risk for
primary coronary heart disease and reduction of risk for stroke death in those with history
of heart disease, stroke and/or diabetes is to increase water intake, and decrease intake of
fluids other than water. Since these fluid recommendations reduce the risk of CHD in
those who have not experienced heart disease, and the risk of stroke death in those who
have experienced heart disease, the recommendation appears to have universal
application, benefitting all. Even for those conditions in which fluid intake is limited or
diuretics are given to increase output, such as congestive heart failure and renal failure,
the sufferers still need to consume some fluids. The amounts recommended would not be
excessive, even for them. In their case, it would be even more important to stress the
replacement of other fluids by water. It is particularly for this group of patients that
further studies are needed to determine if increasing water intake while decreasing other
fluids might actually be beneficial. It is possible that by increasing water intake thus
decreasing the work of the kidneys in concentrating the fluids, more solutes could be
flushed out, thereby reducing the fluids causing edema.
Specific Recommendations
for the Reduction of Primary Heart Disease and Stroke Death
Recommendation for Males
Males without history of heart disease, stroke and/or diabetes at baseline would benefit by
making any increase in water consumption since its effect is dose-response related. While
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a range has been determined, the ability to determine the actual size of water intake for
optimal recommendation has been limited because of the use of categories in the
analyses. Recommendations to receive the greatest benefits based on the results of this
study, would be to drink at least 5-Bounce cups of water per day, in addition to any other
fluid consumed. Because it is a dose-response relationship, the optimal level of intake
could be higher than 5 glasses, probably being related as much to size of the individual as
well as to dietary factors causing acute fluctuations in water movement between the
vascular and intestinal systems.
Because acute fluctuations in hydration as well as chronic hydration can affect
the risk factors for CHD, the timing of the consumption may also impact the extent to
which fluid intake affects the risk of heart disease. A clinical trial in those who had
previous stroke indicated that simply drinking a glass of water at midnight was
ameliorated the normal circadian rise in hematocrit and blood viscosity that occurs at the
time of day that cardio and cerebro-vascular diseases is at its peak (Kurabayashi, 1991).
Therefore, it is possible that the most value from drinking water is obtained by
consuming it in smaller amounts throughout the day, and especially first thing in the
morning, and shortly before meals, rather than all at just one or two sittings. These
suggestions are based on the aforementioned trial when water was drunk at midnight, and
on studies that indicate that digestion and consumption of hyperosmolar fluids result in
large net losses from the plasma volume, and that it only takes about 2 to 2.5 hours for
most of the water to pass from intake to excretion via the kidneys.
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Since prospective studies have shown that hematocrit, fibrinogen and plasma
viscosity are increased years before the manifestations of acute ischemic events (Koenig
and Ernst, 1992), the habit of drinking large amounts of water is one that probably should
be started early in life.
Does increasing water intake benefit males who have already had a heart attack?
The preliminary analyses done in this study do not show that water intake is associated
with decreased risk of further heart attacks, but it does show that it is associated with
decreased risk of stroke death. In those who have experienced either a heart attack or
previous stroke event, our study shows that the benefits of water consumption are doseresponse related such that the risk of stroke death can be reduced by about 57% by
consuming at least five glasses of water a day (Trend p = .02) compared to two. Also
clinical trials have shown that in those who have had a stroke event, drinking water at
midnight ameliorates the morning circadian rise in hematocrit and blood viscosity.
Studies should be done to determine if this would be beneficial for everyone who has had
a stroke, or only for those who do not drink enough water throughout the day to maintain
a chronic level of euhydration. However, since strokes usually occur in the elderly and
the elderly frequently get up in the middle of the night anyway, drinking a glass of water
at that time may not be as much of a hardship as it first appears.
With regard to the lack of benefit of increasing water intake for secondary CHD
seen in this study, further analyses are needed using larger numbers so that males and
females can be tested separately as we did for those without history of CHD.
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Recommendation for Females
For women without a history of CHD, the recommendation would be to drink at
least 3-8 ounce cups of water daily. However, it is also important for them to reduce the
intake of fluids other than water. This may not necessarily happen as a natural
consequence of increasing water intake. Examination of the relationship between water
intake and other fluids did not result in an inverse association in the AHS population..
The importance for women to reduce their intake of fluids other than water can be seen
by the following results. Consuming three or more versus two or less, glasses of water a
day reduces the risk of heart disease by about 40%, whereas drinking 5 or more glasses
of fluids other than water a day compared to two increases the risk by 279 to 299%
(Trend p = .03). The recommendations regarding timing of intake that were made for
the men would also apply to women. Further studies differentiating between hypo- and
hyperosmolar fluids would be important to determine if one or the other is a greater
driving factor.
Again, preliminary analyses do not provide any evidence that increasing water
intake and reducing intake of fluids other than water would reduce the risk of a secondary
heart event in females, but further studies are needed to verify this. However, these
analyses do show that increasing water intake is associated with reduced risk of stroke
death, and would therefore be beneficial to women who had either a previous heart attack
or stroke event, as well as for those who did not have a history of these diseases.
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Practicality of the Recommendations
The recommendations of increasing water intake and reducing intake of fluids
other than water appears to be a very simple way to add to other modalities to reduce the
risk of heart disease and stroke by a clinically significant amount. The “medication” is
harmless, available, low cost and does not require a visit to the physician for either
screening or a prescription. There would be no need for monitoring for negative side
effects, especially at the levels of intake that are being recommended. It has the added
benefit of being beneficial for many other diseases and debilitating conditions as
described in the literature review. It is also a lifestyle change that is less complicated
compared to that for lowering blood cholesterol levels, for example, or losing weight.
The barriers to overcome may be as much psychological as practical.
Recommendations for drinking 6 to 8 glasses of water a day for good general health is
commonly accepted and has been around for a long time, yet data from NHANES197680 indicate that this recommendation is only fulfilled if water from all sources is counted,
rather than water from just plain water, and then, only by half the population (Ershow and
Cantor, 1989). If the recommendation for water consumption is connected with the
prevention of some specific disease, however, people may be more motivated to try to
follow it.
Among the practical barriers include lack of desirability. Studies indicate that
people do not drink unless the fluid is palatable (Rothstein, Adolph, and Wills, 1947;
Hubbard and Armstrong, 1989), and for many, plain water is not palatable. There is an
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increasing use of bottled water (Ershow and Cantor, 1989 p. 35), with one of the main
reasons being palatability (Weissman, 1997). A little squeeze of lemon juice can also
make water more palatable without increasing the osmolality unduly. Studies determining
if various herbal teas without sugar, and “diet” drinks act in a similar way to water
thereby providing ways to make water palatable without decreasing its hydration qualities
significantly.
Other barriers include the “busyness” of people and the insensitivity of the thirst
mechanism. Because we are not sensitive to a state of hypohydration unless it is very
serious, we have no reminders to take care of our needs for hydration. Even when we do
feel thirsty, studies show that we tend to push aside doing anything about it until it is
convenient to do so. Because people are busy, that tends to be later than sooner (Adolph,
1947). As shown in the study by Gross and Shiffer (1988), better hydration is maintained
if there is a conscious effort to drink a certain volume of water which is right at hand,
rather than if drinking is dependent on the drive of thirst and having to go “fetch” the
water. This should be kept in mind when giving practical tips to clients for ways to
enable them to comply with recommendations. Another very important problem is the
inconvenience of taking care of the natural consequence of increasing fluid intake. In
some jobs and professions, it is almost impossible to take the time to do so. For some
people, it is just too much of a nuisance, or they are afraid of embarrassing themselves
because of the lack of conveniences.
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Having said all that, it is possible to educate people to their need for change and
teach them how to make those changes. There is evidence that the more complicated
changes required for lowering blood cholesterol levels are being learned (Manson 1992),
so increasing water intake can also be learned. Educating institutions to provide for
facilities and opportunities to enable their workers to do so may be more of a problem.
Generalizability of Findings
Since the AHS population responds to traditional risk factors for coronary heart
disease and stroke in a manner similar to the general population, there is no reason to
believe that the response of the general population to the effects of fluids would be
substantially different from those found in the AHS population.
Potential Benefit to the American Population
According to analysis of Nationwide Food Consumption survey 1977-78 data
(Ershow and Cantor, 1989), the mean water intake as water of males and females 20 to 64
years of age, was 2.8 cups (SD 2.3). Five per cent drank no water at all (11% of males
drank no water), 20% drank 1.33 cups, 25% drank 2.3 cups, 25% drank 4 cups. In
addition, coffee and tea constituted 83% of fluids other than water. Other studies indicate
that the amount of highly hyperosmolar soda is also increasing (Ershow and Cantor,
1989). This would indicate that a significant proportion of the adult population would
benefit from incorporating the recommendations derived from the findings of this study.
Since taste is developed by exposure, the early practice of forming the habit of
drinking water may be an important step in its acceptability and practice. If this is so,
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there is reason for concern, because a survey on the drinking habits of two to seven year
olds done in 1995 indicates that 70% have never drunk plain water (Hourihane, and
Rolles, 1995).
Considerations for Making the Recommendations Now
Considering that the findings of this study have the potential for providing a level
of risk reduction as great as any other coronary heart disease or stroke risk factor for a
broad spectrum of the population, it is appropriate to at least examine the pros and cons
of making recommendations before other studies confirm these findings. This is
especially so considering the fact that no large studies are currently asking questions that
would provide this confirmation, so that it may be many years before confirmation is
forthcoming, and that there would be no bad side effects from the application of the
recommendations.
Provided the recommendations are made ‘in addition to’ and ‘not in place of
other treatment and prevention modalities, and because any side effects are likely to be
beneficial rather than harmful, this may be one recommendation that could be made
before other studies confirm the findings. Because of the simplicity and the low cost of
the message, it has a very low cost to benefit ratio both in terms of dollars and manpower.
It could be implemented almost immediately as very little training for professionals
would be needed.

An appropriate method may be to inform the clients of the results of

the study, making it clear that these findings need to verified by other studies before
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water intake can be said to be causal, then leave it up to the client to decide whether or
not to incorporate it into his/her lifestyle management protocol.
Summary
As far as we are aware, this is the first study to examine the relationship between
fluid intake and total natural-cause mortality, CHD and fatal. Therefore, other studies are
needed to confirm our results which indicate that both osmolality and volume of fluid
intake may be associated with risk of CHD, fatal stroke and total-natural cause mortality,
with water decreasing the risks, and fluids other than water increasing the risks. The mean
intake of fluids in the American population is 2.8 cups of water a day, and 3.9 cups of
fluids other than water, 83% of which is coffee and tea, which are diuretic. The findings
of this study indicate that consumption of 5 or more glasses of water a day versus 2 or
less, and 2 or less of fluids other than water versus 5 or more, may reduce the risk of
CHD, stroke and total natural-cause mortality. Therefore there may be a large segment of
the population who would benefit from the application of these findings.
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APPENDIX A
Permission of John Wiley & Sons, Inc. to use the Table from “Signs and Symptoms of
Desert Dehydration,” by E. F. Adolph, 1947, Physiology of man in the desert, p. 240.
Copyright 1947 by Interscience Publishers, Inc., New York.
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